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Abstract. In this article we give self-contained existence proofs for the spo-
radic simple groups Co2 and Fi22 using the second author’s algorithm [10] con-
structing finite simple groups from irreducible subgroups of GLn(2). These two
sporadic groups were originally discovered by J. Conway [4] and B. Fischer [7],
respectively, by means of completely different and unrelated methods. In this
article n = 10 and the irreducible subgroups are the Mathieu groupM22 and
its automorphism group Aut(M22). We construct their five non-isomorphic
extensions Ei by the two 10-dimensional non-isomorphic simple modules of
M22 and by the two 10-dimensional simple modules of A22 = Aut(M22) over
F = GF(2). In two cases we construct the centralizer Hi = CGi (zi) of a
2-central involution zi of Ei in any target simple group Gi. Then we prove
that all the conditions of Algorithm 7.4.8 of [11] are satisfied. This allows us
to construct G3 ∼= Co2 inside GL23(13) and G2 ∼= Fi22 inside GL78(13). We
also calculate their character tables and presentations.
1. Introduction
In 1969 J.H. Conway [4] discovered three sporadic simple groups which he
defined in terms of the automorphism group A = Aut(Λ) of the 24-dimensional
Leech lattice Λ, see also [5]. The center Z(A) of A has order 2, and Co1 = A/Z(A)
is the largest of these three simple groups. He obtained his groups Co2 and Co3 as
stabilizers in A of suitable vectors of the Leech lattice.
Two years later B. Fischer found three sporadic simple groups by characterizing
the finite groups G that can be generated by a conjugacy class D = zG of p-
transpositions, which means that the product of two elements of D has order 1, 2,
or p, where p is an odd prime. He proved that besides the symmetric groups Sn,
the symplectic groups Spn(2), the projective unitary groups Un(2) over the field
with 4 elements and certain orthogonal groups, his three sporadic simple groups
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Fi22, Fi23, and Fi
′
24 describe all 3-transposition groups, see [7]. Whereas the 24-
dimensional Leech lattice Λ provides a natural action of A = Aut(Λ) and has two
well defined 23-dimensional sublattices on which the Conway groups Co2 and Co3
act, Fischer had to construct a graph G and an action on it for each 3-transposition
group G = 〈D〉. As its vertices he took the 3-transpositions x of D. Two distinct
elements x, y ∈ D are called to be connected and joined by an edge (x, y) in G if
they commute in G. He showed that each of the groups considered in his theorem
has a natural representation as an automorphism group of its graph G. See also [1]
for a coherent account on Fischer’s theorem.
It is the purpose of this paper to provide uniform existence proofs for the simple
sporadic groups Co2 and Fi22 by means of Algorithm 2.5 of [10] constructing finite
simple groups from irreducible subgroups T of GLn(2). Here we deal with the case
n = 10 and the irreducible subgroupsM22 and A22 = Aut(M22). Our methods are
purely algebraic and do not require any geometric insight. Furthermore, they are
not restricted to the study of sporadic groups. Since every finite simple group G has
finitely many irreducible representations V , Algorithm 2.5 of [10] can be applied
again to the extensions E of G by V . In particular,M22 has been constructed this
way from the irreducible subgroup S5 of GL4(2), see Proposition 8.2.4 of [11]. Here
the algorithm is applied again to the simple modules ofM22 and its automorphism
group A22.
In Section 2 we state some known facts aboutM22, its automorphism groupA22
and their irreducible representations over F = GF(2). As shown in [9], the groups
M22 and A22 each have two simple modules V1, V2 and V3, V4 of dimension 10, re-
spectively. We show that the second cohomological dimensions dimF [H
2(M22, Vi)]
and dimF [H
2(A22, Vi)] are 0 for i = 1, 2 and i = 4, but dimF [H
2(A22, V3)] = 1.
Therefore there are four split extensions Ei = Vi ⋊M22, i = 1, 2, Ei = Vi ⋊ A22,
i = 3, 4 and one non-split extension E5 of V3 by A22. For each of these five
groups we state a presentation in terms of generators and relations, see Lemmas 2.4
and 2.5. We also construct for each of them a faithful permutation representation,
see Lemma 2.6. In all five cases it has been checked that the elementary abelian nor-
mal subgroup Vi is a maximal elementary abelian subgroup of a Sylow 2-subgroup
Si of Ei as required in Step 4 of Algorithm 2.5 of [10].
In Section 3 we apply Step 5 of that algorithm to the extension groups E3
and E2. Let E be any of these two groups. Then E has a unique conjugacy
class zG of 2-central involutions. Let D = CE(z). Using a faithful permutation
representation of E we find in both cases a uniquely determined nonabelian normal
subgroup Q of D such that V = Q/Z(Q) is elementary abelian of order 28, where
Z(Q) denotes the center of Q. Furthermore, Q has a complement W in D. In
both cases W has an elementary abelian normal Fitting subgroup B which has a
complement L in W .
In the first case, E = E3, it follows that W has a center Z(W ) = 〈u〉 of order 2
and that L ∼= S6. Using Yamaki’s Theorem 8.6.6 of [11] we see thatW is isomorphic
to the centralizer of a 2-central involution of the symplectic group Sp6(2). Applying
now Algorithm 7.4.8 of [11] we construct a simple subgroup K of GL8(2) such that
CK(u) ∼= W , |K : W | is odd, and K ∼= Sp6(2). In order to perform all these
steps we start from the factor group D/Z(Q). Let U1 be the split extension of K
by V . Then we construct all central extensions H3 of U1 by Z(Q) and check which
ones have a Sylow 2-subgroup S3 which is isomorphic to the ones of D. We prove
SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co2 AND Fi22 3
that this happens exactly once. Thus the group H3 with center Z(H3) = 〈z〉 is
uniquely determined, see Propositions 3.1. Furthermore, we prove in Lemma 3.2
that S3 has a maximal elementary abelian normal subgroup A of order 2
10 such
that NH3(A)
∼= D as it is required by Algorithm 2.5 of [10].
In the second case, E = E2, it follows that Q has an elementary abelian center
Z(W ) = 〈z1, z2〉 of order 4. This time the Fitting subgroup B of the complement
W of Q has order 16 and its complement L in W is isomorphic to the symmetric
group S5. Since the center of W is trivial we apply Algorithm 2.5 of [10] to
construct a subgroup K of GL8(2) such that NK(A) ∼= W , |K : W | is odd, and
K ∼= Aut(U4(2)). Again we start from the factor group D/Z(Q). Let U1 be the
split extension of K by V . Since Z(Q) is elementary abelian of order 4 we have
to construct two consecutive central extensions of U1. As above it follows that
there is a uniquely determined extension group H2 which satisfies all the required
conditions of Algorithm 2.5 of [10], see Proposition 3.3 and Lemma 3.4.
In Section 4 we take the constructed presentation of H3 as the input of Algo-
rithm 7.4.8 of [11]. It returns a finite simple group G3 inside GL23(13) of order
218 · 36 · 53 · 7 · 11 · 23 having a 2-central involution z such that CG3(z) ∼= H3, see
Theorem 4.2. We also calculate the character table of G3. It is equivalent to the
one of Conway’s second sporadic group Co2. For further applications we also state
a finite presentation of G3 in Corollary 4.3.
In Section 5 we apply the same methods to the presentation of the involution
centralizer H2 and we obtain a finite simple group G2 inside GL78(13) of order
217 · 39 · 52 · 7 · 11 · 13 having a 2-central involution z such that CG2(z) ∼= H2, see
Theorem 5.1. We calculated the character table of G2 and verified that it is equiv-
alent to the one of Fischer’s sporadic group Fi22. We also obtained a presentation
of G2, see Corollary 5.2.
In the final section we show that Algorithm 2.5 of [10] constructs the automor-
phism group of the Fischer group Fi22 when it is applied to the extension E4, see
Corollary 6.1. However, it fails to construct a centralizer Hi from Ei in the cases
i = 1, 5. The following diagram summarizes our experiments with Algorithm 2.5
of [10] described in this article.
M22 //

V2 :M22 // Fi22
V3 : Aut(M22) // Co2
Aut(M22)
77nnnnnnnnnnnn
''PP
PP
PP
PP
PP
PP

V4 : Aut(M22) // Aut(Fi22)
GL10(2)
In the Appendices we collect all the systems of representatives of conjugacy
classes in terms of the given generators of the local subgroups Ei, Hi and Di for
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i = 3, 2. We also state the character tables of these groups and the four generating
matrices of the matrix group G2 ∼= Fi22.
Concerning our notation and terminology we refer to the books [3] and [11].
The computer algebra system Magma is described in [2].
2. Extensions of Mathieu group M22 and Aut(M22)
The Mathieu group M22 is defined in Definition 8.2.1 of [11] by means of
generators and relations. This beautiful presentation is due to J.A. Todd. The
irreducible 2-modular representations of the Mathieu group M22 were determined
by G. James [9]. Here only the two non-isomorphic simple modules Vi, i = 1, 2, of
dimension 10 over F = GF(2) will be considered. Todd’s permutation representa-
tions of the Mathieu groups are stated in Lemma 8.2.2 of [11]. All conditions of
Holt’s Algorithm [8] implemented in Magma are satisfied, and it is applied here.
Thus we show that for each simple module Vi there is exactly one extension Ei
of M22 by Vi, the split extension. The presentations of E1 and E2 are given in
Lemma 2.4.
Then we show that the automorphism group A22 = Aut(M22) has two 10-
dimensional irreducible representations Vi, i = 3, 4. In Lemma 2.5 we also prove
that A22 has a non-split extension E5 by V3 besides the two split extensions by V3
and V4. All extension groups are described here by generators and relations. We
also give faithful permutation representations of all five extension groups Ei, see
Lemma 2.6. They yield the basic information about these groups that will be used
in the following sections.
In order to avoid any ambiguities we specify our concrete definition of a semidi-
rect product. This is necessary to document the close relation between the irre-
ducible representations Vi of M22 and A22 and the documented presentations of
the extension groups Ei, 1 ≤ i ≤ 5. Furthermore, these presentations work for all
split extensions of linear groups over prime fields by their natural vector space.
Definition 2.1. Let F be a prime field of characteristic p > 0, G be a subgroup
of GLn(F ), and V = F
n be the canonical n-dimensional vector space. Then V
is a right FG-module of the group algebra FG of G over F with respect to the
multiplication v · g defined by the product of the row vector v ∈ V times the matrix
g ∈ G. For each matrix g ∈ G let g∗ = [g−1]T be the transpose of the inverse
matrix g−1 of g. Then by Definition 3.4.4 of [11] V becomes a right FG-module
under the multiplication [v, g] := [g∗ · (vT )]T where · denotes the product of the
matrix g∗ times the column vector vT . This right FG-module V ∗ is called the dual
FG-module of V .
The semidirect product V ⋊ G of V and G consists of all pairs (v, g), with
v ∈ V and g ∈ G. Its multiplication ∗ is defined by:
(v1, g1) ∗ (v2, g2) := (v1 + [v2, g1], g1g2) for all v1, v2 ∈ V and all g1, g2 ∈ G.
If we identify each v ∈ V with (v, 1) and each g ∈ G with (0, g), then we have that
v ∗ g = (v + [0, 1], 1g) = (v, g) for each v ∈ V and g ∈ G.
The proof of the following well-known result is routine and therefore omitted.
Lemma 2.2. Let G = 〈xi | 1 ≤ i ≤ r〉 be a finitely generated subgroup of GLn(F )
with set of defining relations R(G) in the given generators xi. Let V = Fn be
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the canonical n-dimensional vector space with standard basis {ej | 1 ≤ j ≤ n}. Let
R1(V ⋊G) be the set of all relations:
epj = 1 for all 1 ≤ j ≤ n,
ek ∗ ej = ej ∗ ek for all 1 ≤ j, k ≤ n.
Let R2(V ⋊G) be the set of all relations:
xi ∗ ej ∗ x−1i = e1a(i)1,j ∗ · · · ∗ ena(i)n,j for all 1 ≤ i ≤ r, 1 ≤ j ≤ n,
where (a(i)j1, a(i)j2, . . . , a(i)jn) = [(xi)
∗ · ((ej)T )]T . Then
R(V ⋊G) = R1(V ⋊G) ∪R2(V ⋊G) ∪R(G).
Remark 2.3. (a) For a given finitely presented group G the set R(G) of defining
relations is equal for all its split extensions E by elementary abelian p-groups V .
Furthermore, the set R1(V ⋊ G) of relations describing the multiplication in the
elementary abelian group is uniquely determined by the dimension of V over F .
Therefore this set of relations is abbreviated by R1(V ⋊ G) in the rest of this
article. In particular, it suffices to state explicitly only the set of essential relations
R2(V ⋊G) of the split extension V ⋊G.
(b) The semidirect products V ⋊ G constructed in this article by means of
Lemma 2.2 are isomorphic to the semidirect products of G by V calculated by
means of Magma. However, sometimes the sets R(V ⋊ G) of defining relations
can be different. Furthermore, Lemma 2.2 can be applied to large groups and it is
independent of Magma.
In the following F = GF(2) and p = 2.
Lemma 2.4. Let M22 = 〈a, b, c, d, t, g, h, i〉 be the finitely presented group of Defi-
nition 8.2.1 of [11]. Then the following statements hold:
(a) A faithful permutation representation of degree 24 of M22 is stated in
Lemma 8.2.2 of [11].
(b) The first irreducible representation V1 ofM22 is described by the following
matrices:
Ma1 =
0
BBBBBBB@
1 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 1 0
0 0 1 0 0 0 1 0 0 0
0 0 1 0 1 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0 0 1
1
CCCCCCCA
, Mb1 =
0
BBBBBBB@
1 0 1 0 1 0 0 1 0 0
0 0 0 0 1 1 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 1 0
0 0 0 0 0 0 0 1 0 0
0 1 0 0 0 0 0 1 0 0
0 0 1 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 0 1 0 0 1 0 1
1
CCCCCCCA
,
Mc1 =
0
BBBBBBB@
1 0 0 0 0 1 0 0 1 0
0 0 1 0 1 1 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 1 0
0 1 0 0 0 0 0 0 1 0
0 0 1 0 0 0 0 0 1 0
0 0 1 0 0 0 1 0 0 0
0 0 1 1 0 1 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 1 0 0 1 0 0 1 1
1
CCCCCCCA
, Md1 =
0
BBBBBBB@
1 0 0 1 0 1 0 1 0 0
0 0 1 0 1 0 0 0 1 0
0 1 0 1 1 1 0 1 1 0
0 0 0 0 0 1 0 1 0 0
0 0 0 1 0 0 0 0 1 0
0 0 0 0 1 0 0 1 1 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 1 0 0 1 1 0
0 0 0 0 1 1 0 1 0 0
0 0 0 1 1 1 0 0 0 1
1
CCCCCCCA
,
Mt1 =
0
BBBBBBB@
1 0 1 1 0 0 0 0 1 0
0 1 1 0 1 1 0 0 1 0
0 0 1 1 1 1 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 0 1 1 0 0 0 0
0 0 1 1 0 1 0 0 0 0
0 0 1 0 0 0 1 0 0 0
0 0 0 1 0 1 0 0 1 0
0 0 0 1 1 0 0 1 1 0
0 0 0 0 1 0 0 0 1 1
1
CCCCCCCA
, Mg1 =
0
BBBBBBB@
1 0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 1 1 1 0
0 0 1 0 0 0 0 0 0 0
0 0 1 1 0 0 0 1 1 0
0 0 1 0 1 0 0 1 0 0
0 0 1 0 0 1 0 0 1 0
0 1 1 0 0 0 0 1 1 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1 0 1
1
CCCCCCCA
,
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Mh1 =
0
BBBBBBB@
1 0 0 0 0 0 0 0 1 0
0 1 0 0 0 1 0 0 0 0
0 0 1 0 0 1 0 0 1 0
0 0 0 1 0 0 0 0 1 0
0 0 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 1 1
0 0 0 0 1 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 1 0 1 0
1
CCCCCCCA
and Mi1 =
0
BBBBBBB@
0 0 0 0 1 1 0 0 0 1
0 1 1 1 1 0 0 0 0 0
0 0 1 1 1 1 0 0 0 0
0 0 1 0 1 0 0 0 0 0
0 0 1 0 1 1 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 0 1 0 0 1 0
0 0 1 1 0 0 0 1 0 0
1 0 1 1 0 1 0 0 0 0
1
CCCCCCCA
.
(c) The second irreducible representation V2 of M22 is described by the trans-
pose inverse matrices of the generating matrices of M22 defining V1:
Ma2 = [Ma
−1
1 ]
T , Mb2 = [Mb
−1
1 ]
T , Mc2 = [Mc
−1
1 ]
T , Md2 = [Md
−1
1 ]
T ,
Mt2 = [Mt
−1
1 ]
T ,Mg2 = [Mg
−1
1 ]
T ,Mh2 = [Mh
−1
1 ]
T andMi2 = [Mi
−1
1 ]
T .
(d) dimF [H
2(M22, Vi)] = 0 for i = 1, 2.
(e) E1 = V1 ⋊M22 = 〈a, b, c, d, t, g, h, i, v1, v2, v3, v4, v5, v6, v8, v8, v9, v10〉 has
set R(E1) of defining relations consisting of R(M22), R1(V1 ⋊M22) and
the following set R2(V1 ⋊M22) of essential relations:
av1a
−1v1v3 = av2a
−1v4 = av3a
−1v3 = av4a
−1v2 = av5a
−1v3v8 = av6a
−1v9 = 1,
av7a
−1v3v7 = av8a
−1v3v5 = av9a
−1v6 = av10a
−1v3v10 = 1,
bv1b
−1v1v3v5v8 = bv2b
−1v5v6 = bv3b
−1v3 = bv4b
−1v3v8v9 = bv5b
−1v8 = 1,
bv6b
−1v2v8 = bv7b
−1v3v7 = bv8b
−1v5 = bv9b
−1v3v4v5 = bv10b
−1v3v5v8v10 = 1,
cv1c
−1v1v6v9 = cv2c
−1v3v5v6 = cv3c
−1v3 = cv4c
−1v8v9 = cv5c
−1v2v9 = 1,
cv6c
−1v3v9 = cv7c
−1v3v7 = cv8c
−1v3v4v6 = cv9c
−1v3v6 = cv10c
−1v3v6v9v10 = 1,
dv1d
−1v1v4v6v8 = dv2d
−1v3v5v9 = dv3d
−1v2v4v5v6v8v9 = dv4d
−1v6v8 = 1,
dv5d
−1v4v9 = dv6d
−1v5v8v9 = dv7d
−1v4v5v6v7 = dv8d
−1v4v5v8v9 = 1,
dv9d
−1v5v6v8 = dv10d
−1v4v5v6v10 = tv1t
−1v1v3v5v6v8 = tv2t
−1v2v4v8 = 1,
tv3t
−1v4v5v6 = tv4t
−1v3v5 = tv5t
−1v3v6 = tv6t
−1v3v4 = tv7t
−1v4v5v6v7 = 1,
tv8t
−1v4v6v8v9 = tv9t
−1v4v5v8 = tv10t
−1v3v4v5v6v8v10 = 1,
gv1g
−1v1v3 = gv2g
−1v3v7v8v9 = gv3g
−1v3 = gv4g
−1v3v4v8v9 = 1,
gv5g
−1v3v5v8 = gv6g
−1v3v6v9 = gv7g
−1v2v3v8v9 = gv8g
−1v8 = 1,
gv9g
−1v9 = gv10g
−1v8v10 = hv1h
−1v1v9 = hv2h
−1v2v6 = hv3h
−1v3v6v9 = 1,
hv4h
−1v4v9 = hv5h
−1v6v8 = hv6h
−1v6 = hv7h
−1v9v10 = hv8h
−1v5v6 = 1,
hv9h
−1v9 = hv10h
−1v7v9 = iv1i
−1v5v6v10 = iv2i
−1v2v3v4v5 = 1,
iv3i
−1v3v4v5v6 = iv4i
−1v3v5 = iv5i
−1v3v5v6 = iv6i
−1v4v5 = 1,
iv7i
−1v4v5v6v7 = iv8i
−1v4v6v9 = iv9i
−1v3v4v8 = iv10i
−1v1v3v4v6 = 1.
(f) E2 = V2 ⋊M22 = 〈a, b, c, d, t, g, h, i, v1, v2, v3, v4, v5, v6, v8, v8, v9, v10〉 has
set R(E2) of defining relations consisting of R(M22), R1(V2 ⋊M22) and
the following set R2(V2 ⋊M22) of essential relations:
av1a
−1v1 = av2a
−1v4 = av3a
−1v1v3v5v7v8v10 = av4a
−1v2 = av5a
−1v8 = 1,
av6a
−1v9 = av7a
−1v7 = av8a
−1v5 = av9a
−1v6 = av10a
−1v10 = bv1b
−1v1 = 1,
bv2b
−1v6 = bv3b
−1v1v3v4v7v9v10 = bv4b
−1v9 = bv5b
−1v1v2v8v9v10 = 1,
bv6b
−1v2 = bv7b
−1v7 = bv8b
−1v1v4v5v6v10 = bv9b
−1v4 = bv10b
−1v10 = 1,
cv1c
−1v1 = cv2c
−1v5 = cv3c
−1v2v3v6v7v8v9v10 = cv4c
−1v8 = cv5c
−1v2 = 1,
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cv6c
−1v1v2v8v9v10 = cv7c
−1v7 = cv8c
−1v4 = cv9c
−1v1v4v5v6v10 = 1,
cv10c
−1v10 = dv1d
−1v1 = dv2d
−1v3 = dv3d
−1v2 = dv4d
−1v1v3v5v7v8v10 = 1,
dv5d
−1v2v3v6v7v8v9v10 = dv6d
−1v1v3v4v7v9v10 = dv7d
−1v7 = 1,
dv8d
−1v1v3v4v6v8v9 = dv9d
−1v2v3v5v6v8 = dv10d
−1v10 = tv1t
−1v1 = 1,
tv2t
−1v2 = tv3t
−1v1v2v3v4v5v6v7 = tv4t
−1v1v3v4v6v8v9 = 1,
tv5t
−1v2v3v4v5v9v10 = tv6t
−1v2v3v5v6v8 = tv7t
−1v7 = tv8t
−1v9 = 1,
tv9t
−1v1v2v8v9v10 = tv10t
−1v10 = gv1g
−1v1 = gv2g
−1v7 = 1,
gv3g
−1v1v2v3v4v5v6v7 = gv4g
−1v4 = gv5g
−1v5 = gv6g
−1v6 = gv7g
−1v2 = 1,
gv8g
−1v2v4v5v7v8v10 = gv9g
−1v2v4v6v7v9 = gv10g
−1v10 = hv1h
−1v1 = 1,
hv2h
−1v2 = hv3h
−1v3 = hv4h
−1v4 = hv5h
−1v8 = hv6h
−1v2v3v5v6v8 = 1,
hv7h
−1v10 = hv8h
−1v5 = hv9h
−1v1v3v4v7v9v10 = hv10h
−1v7 = 1,
iv1i
−1v10 = iv2i
−1v2 = iv3i
−1v2v3v4v5v9v10 = iv4i
−1v2v3v6v7v8v9v10 = 1,
iv5i
−1v1v2v3v4v5v6v7 = iv6i
−1v1v3v5v7v8v10 = iv7i
−1v7 = 1,
iv8i
−1v9 = iv9i
−1v8 = iv10i
−1v1 = 1.
Proof. The two irreducible FM22-modules Vi, i = 1, 2, occur as composi-
tion factors with multiplicity 1 in the permutation module (1M21)
M22 of degree 22
where M21 = 〈a, b, c, d, t, g, h, i〉. They are dual to each other. Using the faithful
permutation representation of M22 stated in (a) and the Meataxe Algorithm im-
plemented in Magma we obtain the generating matrices of M22 given in (b) that
define V1. Their dual matrices define V2, yielding (c).
(d) The cohomological dimensions di = dimF [H
2(M22, Vi)], i = 1, 2, have been
calculated by means of Magma using Holt’s Algorithm 7.4.5 of [11]. Its hypothesis
is given by the presentation ofM22 in Definition 8.2.1 of [11] and all the data stated
in (a), (b) and (c). It follows that d1 = 0 = d2.
(e) Since d1 = 0 there exists only the split extension E1 of M22 by V1. The
presentation of E1 has been obtained automatically by application of Lemma 2.2
and Magma.
(f) Since d2 = 0 the split extension E2 of M22 by V2 is well defined. Its
presentation has been obtained by application of Lemma 2.2. 
Lemma 2.5. Let M22 = 〈a, b, c, d, t, g, h, i〉 be the finitely presented group of Defi-
nition 8.2.1 of [11]. Let A22 = Aut(M22). Then the following statements hold:
(a) A22 has a faithful permutation representation of degree 44 and is isomor-
phic to the subgroup 〈Pp, Pq〉 of the symmetric group S44 generated by the
following permutations:
Pp = (1, 2, 7, 4)(3, 21, 44, 25)(5, 24, 22, 26)(6, 8, 39, 36)(9, 35)(10, 37, 12, 13)
·(11, 20, 14, 17)(18, 19)(23, 42, 41, 32)(27, 29)(28, 33)(30, 31, 43, 34),
P q = (1, 3, 16, 44, 13, 5)(2, 15)(4, 28, 36, 22, 17, 29)(6, 24, 12, 43, 39, 38)(7, 30)
·(8, 33, 11, 25, 19, 41)(9, 31, 18, 21, 10, 42)(14, 27, 20, 23, 35, 32)(26, 37)(34, 40).
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(b) A22 = 〈p, q〉 has the following set R(A22) of defining relations:
p4 = q6 = 1,
q−1p−2q−1p−1q−1p−2q−1p−1q−1p2q−1p−1 = 1,
pq−3p−1q−1p−2q−1pqp−1qpq−1 = (p−1q−2p−1qpq−1p−1q−1)2 = 1,
q−1p−2q−1pq−1p−2q−1pq−1p2q−1p = (q−1p−1q−1)5 = 1,
qpq2pqp−1q−1p−2q−2p2q−1p−1q−2p−1 = 1.
(c) A22 = 〈p, q〉 has (up to isomorphism) two irreducible modules V3 and V4
of degree 10 over F = GF(2). V3 is described by the following matrices:
Mp =
0
BBBBBBB@
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 1
1 1 0 0 1 0 1 0 0 1
0 1 1 1 0 0 1 0 0 0
1 1 0 0 0 0 1 0 0 0
0 1 0 0 0 0 0 0 1 1
1 0 0 1 0 1 1 0 0 0
1 0 0 1 0 0 0 0 0 1
1 1 0 1 0 0 0 0 0 1
1 1 0 1 0 0 1 1 0 1
1
CCCCCCCA
and Mq =
0
BBBBBBB@
0 0 1 0 1 0 0 1 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0
1 0 1 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0 1 0
0 0 1 0 0 0 1 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 1 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 1
0 1 1 0 1 1 0 0 0 0
1
CCCCCCCA
.
(d) V4 is described by the matrices Mp1 = Mp
∗ = [Mp−1]T , Mq1 = Mq
∗ =
[Mq−1]T in GL10(2).
(e) dimF [H
2(A22, V3)] = 1 and dimF [H
2(A22, V4)] = 0.
(f) E3 = V3 ⋊ A22 = 〈p, q, v1, v2, v3, v4, v5, v6, v8, v8, v9, v10〉 has set R(E3) of
defining relations consisting of R(A22), R1(V3 ⋊ A22) and the following
set R2(V3 ⋊A22) of essential relations:
pv1p
−1v1 = pv2p
−1v8v9 = pv3p
−1v1v2v4v9 = pv4p
−1v2v5v9 = 1,
pv5p
−1v1v2v3v8v9 = pv6p
−1v2v7v8 = pv7p
−1v1v5v8v9 = 1,
pv8p
−1v1v5v8v10 = pv9p
−1v1v2v5v6 = pv10p
−1v1v2v5v8v9 = 1,
qv1q
−1v2v3v4v7 = qv2q
−1v2v7v10 = qv3q
−1v2 = 1,
qv4q
−1v7v8 = qv5q
−1v3 = qv6q
−1v3v7 = qv7q
−1v2v6 = 1,
qv8q
−1v1v2v3 = qv9q
−1v3v5 = qv10q
−1v7v9 = 1.
(g) E4 = V4 ⋊ A22 = 〈p1, q1, v1, v2, v3, v4, v5, v6, v8, v8, v9, v10〉 has set R(E4)
of defining relations consisting of R(A22), R1(V4⋊A22) and the following
set R2(V4 ⋊A22) of essential relations:
p1v1p
−1
1 v1v3v5v7v8v9v10 = p1v2p
−1
1 v3v4v5v6v9v10 = 1,
p1v3p
−1
1 v4 = p1v4p
−1
1 v4v7v8v9v10 = 1,
p1v5p
−1
1 v3 = p1v6p
−1
1 v7 = p1v7p
−1
1 v2v3v4v5v7v10 = 1,
p1v8p
−1
1 v10 = p1v9p
−1
1 v6 = p1v10p
−1
1 v2v3v6v8v9v10 = 1,
q1v1q
−1
1 v4 = q1v2q
−1
1 v10 = q1v3q
−1
1 v1v2v4v6v10 = 1,
q1v4q
−1
1 v8 = q1v5q
−1
1 v1v3v5v7v8v9v10 = q1v6q
−1
1 v4v7v8v9v10 = 1,
q1v7q
−1
1 v6 = q1v8q
−1
1 v1 = q1v9q
−1
1 v5 = q1v10q
−1
1 v9 = 1.
(h) The non-split extension E5 = 〈p2, q2, v1, v2, v3, v4, v5, v6, v7, v8, v9, v10〉 of
A22 by V3 has a set R(E5) of defining relations consisting of R1(V3⋊A22)
and the following relations:
p82 = q
12
2 = 1,
(p2, v
−1
1 ) = p
−1
2 v2p2v
−1
7 v
−1
10 = p
−1
2 v3p2v
−1
1 v
−1
2 v
−1
5 v
−1
7 v
−1
10 = 1,
p−12 v4p2v
−1
2 v
−1
3 v
−1
4 v
−1
7 = p
−1
2 v5p2v
−1
1 v
−1
2 v
−1
7 = 1,
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p−12 v6p2v
−1
2 v
−1
9 v
−1
10 = p
−1
2 v7p2v
−1
1 v
−1
4 v
−1
6 v
−1
7 = 1,
p−12 v8p2v
−1
1 v
−1
4 v
−1
10 = p
−1
2 v9p2v
−1
1 v
−1
2 v
−1
4 v
−1
10 = 1,
p−12 v10p2v
−1
1 v
−1
2 v
−1
4 v
−1
7 v
−1
8 v
−1
10 = 1,
q−12 v1q2v
−1
3 v
−1
5 v
−1
8 = q
−1
2 v2q2v
−1
3 = q
−1
2 v3q2v
−1
5 = q
−1
2 v4q2v
−1
1 v
−1
3 v
−1
6 = 1,
q−12 v5q2v
−1
5 v
−1
9 = q
−1
2 v6q2v
−1
3 v
−1
7 = q
−1
2 v7q2v
−1
5 v
−1
6 = 1,
q−12 v8q2v
−1
4 v
−1
5 v
−1
6 = q
−1
2 v9q2v
−1
5 v
−1
6 v
−1
10 = q
−1
2 v10q2v
−1
2 v
−1
3 v
−1
5 v
−1
6 = 1,
p42v
−1
3 v
−1
4 v
−1
5 v
−1
6 v
−1
7 v
−1
8 v
−1
9 v
−1
10 = q
6
2v
−1
1 v
−1
4 v
−1
8 = 1,
q−12 p
−2
2 q
−1
2 p
−1
2 q
−1
2 p
−2
2 q
−1
2 p
−1
2 q
−1
2 p
2
2q
−1
2 p
−1
2 v
−1
1 v
−1
2 v
−1
4 = 1,
p2q
−3
2 p
−1
2 q
−1
2 p
−2
2 q
−1
2 p2q2p
−1
2 q2p2q
−1
2 v
−1
1 v
−1
2 v
−1
5 v
−1
6 v
−1
8 v
−1
10 = 1,
q−12 p
−2
2 q
−1
2 p2q
−1
2 p
−2
2 q
−1
2 p2q
−1
2 p
2
2q
−1
2 p2v
−1
5 v
−1
6 v
−1
7 v
−1
9 = 1,
q−12 p
−1
2 q
−2
2 p
−1
2 q
−2
2 p
−1
2 q
−2
2 p
−1
2 q
−2
2 p
−1
2 q
−1
2 v
−1
1 v
−1
4 v
−1
5 v
−1
6 v
−1
7 v
−1
8 v
−1
9 = 1,
p−12 q
−2
2 p
−1
2 q2p2q
−1
2 p
−1
2 q
−1
2 p
−1
2 q
−2
2 p
−1
2 q2p2q
−1
2 p
−1
2 q
−1
2
· v−11 v−12 v−13 v−14 v−15 v−16 v−18 v−19 = 1,
q2p2q
2
2p2q2p
−1
2 q
−1
2 p
−2
2 q
−2
2 p
2
2q
−1
2 p
−1
2 q
−2
2 p
−1
2 v
−1
1 v
−1
4 v
−1
5 v
−1
9 = 1.
Proof. (a) Using Todd’s permutation representation PM22 of M22 stated
in Lemma 8.2.2 of [11] and the Magma command AutomorphismGroup(PM_{22})
we calculated the automorphism group A22 = Aut(M22) of M22. Magma pro-
vided eleven generators and a faithful permutation representation PA22 of degree
44 by means of the command PermutationGroup(A_{22}). Using this permuta-
tion representation we were able to show that PA22 is even generated by the two
permutations Pp, Pq ∈ S44 given in the statement. Also it has been checked com-
putationally that the derived subgroup A′22 is a simple group which is isomorphic
to M22 and that |A22 : A′22| = 2.
(b) The given presentation of A22 = 〈p, q〉 in the above generators has been
obtained by Magma and the faithful permutation representation of degree 44.
(c) Decomposing the permutation module PA22 of degree 44 into irreducible
composition factors by means of the Meataxe Algorithm we obtained the first irre-
ducible representation V3 of A22 over F = GF(2) as given in the statement.
(d) The second irreducible representation V4 of A22 is the dual of V3, which has
been checked to be non-isomorphic to V3.
(e) The cohomological dimensions di = dimF [H
2(A22, Vi)], i = 3, 4, have been
calculated by means of Magma using Holt’s Algorithm 7.4.5 of [11], the presenta-
tion of A22 given in (b), the faithful permutation representation PA22 constructed
in (a) and the two irreducible representations of A22 given in (c) and (d). As a
result of the computation, we get d3 = 1 and d4 = 0.
(f) and (g). The two presentations of the split extensions E3 and E4 have been
obtained by means of Lemma 2.2.
(h) The presentation of the non-split extension E5 has been obtained by means
of Holt’s Algorithm 7.4.5 of [11] implemented in Magma [8]. This completes the
proof.

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Lemma 2.6. Keep the notation of Lemmas 2.4 and 2.5. Then the following state-
ments hold:
(a) Each of the four split extensions Ei, i ∈ {1, 2, 3, 4} has a faithful permu-
tation representation of degree 1024. Its stabilizer is the complement of Vi
in Ei, which generates Ei together with v1 ∈ Vi for all 4 groups.
(b) The non-split extension E5 = 〈p2, q2, v1, v2, v3, v4, v5, v6, v7, v8, v9, v10〉 =
〈p2, q2〉 has a faithful permutation representation of degree 88 with stabi-
lizer U = 〈q22 , (p2q22)2〉.
(c) The split extension E1 of M22 by V1 has 47 conjugacy classes. The ele-
ment z1 = (tv1)
3 represents the unique conjugacy class of 2-central invo-
lutions of E1 and |CE1(z1)| = 217 · 32 · 5.
(d) The split extension E2 of M22 by V2 has 43 conjugacy classes. The ele-
ment z2 = (iv1)
2 represents the unique conjugacy class of 2-central invo-
lutions of E2 and |CE2(z2)| = 217 · 3 · 5.
(e) The split extension E3 of A22 by V3 has 79 conjugacy classes. The element
z3 = (pq
2v1)
5 represents the unique conjugacy class of 2-central involu-
tions of E3 and |CE3(z3)| = 218 · 32 · 5.
(f) The split extension E4 of A22 by V4 has 77 conjugacy classes. The ele-
ment z4 = (p
2
1q1v1)
10 represents the unique conjugacy class of 2-central
involutions of E4 and |CE4(z4)| = 218 · 3 · 5.
(g) The non-split extension E5 of A22 by V3 has 79 conjugacy classes. The
element z5 = p
4
2 represents the unique conjugacy class of 2-central involu-
tions of E5 and |CE5(z5)| = 218 · 32 · 5.
Proof. (a) The presentations of the 4 split extensions Ei are given in Lem-
mas 2.4 and 2.5. Taking their complementsM22 or A22 of Vi as stabilizers Magma
provides the faithful permutation representation PEi of Ei of degree 1024 for
i = 1, 2, 3, 4. The final assertions have been proved by means of these permutation
representations and Magma.
(b) The presentation of the non-split extensionE5 is given in Lemma 2.4(h). Let
U = 〈q22 , (p2q22)2〉. Using the Magma command CosetAction(E_5,U) we obtained
a faithful permutation representation PE5 of E5 with stabilizer U and degree 88.
It has been used to show that E5 = 〈p2, q2〉.
All remaining assertion were proved as follows. For each extension group Ei,
i ∈ {1, 2, 3, 4, 5} we used its faithful permutation representation PEi, Magma and
Kratzer’s Algorithm 5.3.18 of [11] to determine a system of representatives of all
conjugacy classes of Ei in terms of the given generators of the presentation of Ei.
In view of the limited space they are not stated in this article, except for the
given words of the 2-central involutions zi of Ei which in each case were uniquely
determined up to conjugation in Ei. This completes the proof. 
3. Construction of the 2-central involution centralizers
In this Section we apply Algorithm 2.5 of [10] to the extension groupsE3 and E2
in order to construct 2 groups H3 and H2 which are isomorphic to the centralizers
of a 2-central involution of the simple groups Co2 and Fi22, respectively.
Proposition 3.1. Keep the notation of Lemmas 2.4 and 2.5. Let E3 = 〈p, q, v1〉
be the split extension of A22 = Aut(M22) by its simple module V3 of dimension 10
over F = GF(2). Then the following statements hold:
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(a) z = (pq2v1)
5 is a 2-central involution of E3 = 〈p, q, v1〉 with centralizer
D = CE3(z) = 〈ni, fj | 1 ≤ i ≤ 12, 1 ≤ j ≤ 5〉, where
n1 = (p
2qp2q2v1)
6, n2 = (p
2qpv1qpv1qv1)
6, n3 = (v1qp
3qpv1qp)
4,
n4 = (pqpq
4pqv1q)
7, n5 = (pqpv1qp)
3, n6 = (pqp
2q2v1)
6,
n7 = (pq
2pv1qp)
6, n8 = (qpqp
2qv1)
6, n9 = (p
3q3p2q2)4,
n10 = (pqpq
2p2qpq)6, n11 = (pq
2p3q3p)4, n12 = (qp
2q4pqp)3,
f1 = (p
3q2v1qpv1q)
5, f2 = (q
2pqv1qpqpq)
7, f3 = (pqp
2q3v1qpq)
6,
f4 = (p
3q2pqpv1q)
7, f5 = (p
2q3v1qv1q
2)2.
(b) D has a unique extra-special normal subgroup Q of order 512. It is gen-
erated by the following involutions:
q1 = n8n10n11n8n12, q2 = n5n6n7n12,
q3 = n5n7n9n6, q4 = n6n8n9n10,
q5 = n5, q6 = n5n6n7,
q7 = n5n6n7n8, q8 = n5n7n8.
(c) Q has a complement W in D of order |W | = 29 · 32 · 5. The Fitting
subgroup B = 〈fj | 1 ≤ j ≤ 5〉 of W is elementary abelian of order 25 and
has a complement L = 〈sk | 1 ≤ k ≤ 3〉 ∼= S6 in W , where
s1 = n2n3n2n1n3n4, s2 = n1n2n3n1n2n3, and s3 = (n3n1n4)
2.
(d) D = 〈qi, fj , sk | 1 ≤ i ≤ 8, 1 ≤ j ≤ 5, 1 ≤ k ≤ 3〉 is a finitely presented
group with center Z(D) = 〈z〉 of order 2, where z = (q4q8)2, and the
following set R(D) of defining relations:
s41 = s
5
2 = s
3
3 = 1,
(s2s1)
2 = s1s3s
−1
2 s
−1
1 s
−1
3 s2 = (s2s3)
3 = s22s3s1s
−1
2 s1s3 = 1,
s−12 s1s
−1
3 s
−1
2 s1s
−1
3 s2s3 = 1,
f21 = f
2
2 = f
2
3 = f
2
4 = f
2
5 = 1,
f s11 (f1)
−1 = f s21 (f1)
−1 = f s31 (f1)
−1 = 1,
f s12 (f1f4f5)
−1 = f s22 (f1f2f3f5)
−1 = f s32 (f3f5)
−1 = 1,
f s13 (f3f5)
−1 = f s23 (f2f3)
−1 = f s33 (f2f5)
−1 = 1,
f s14 (f1f3f4f5)
−1 = f s24 (f1f3f4)
−1 = f s34 (f1f3f4)
−1 = 1,
f s15 (f2f3f4)
−1 = f s25 (f2f3f4)
−1 = f s35 (f1f2)
−1 = 1,
[f1, f2] = [f1, f3] = [f1, f4] = [f1, f5] = [f2, f3] = [f2, f4] = [f2, f5] = 1,
[f3, f4] = [f3, f5] = [f4, f5] = 1,
q21 = q
2
2 = q
2
3 = q
2
4 = q
2
5 = q
2
6 = q
2
7 = q
2
8 = 1,
[q1, q2] = [q1, q3] = [q1, q4] = [q1, q6] = [q1, q8] = 1, [q1, q5] = [q1, q7] = (q4q8)
2,
[q2, q3] = [q2, q4] = [q2, q5] = [q2, q6] = [q2, q7] = 1, [q2, q8] = (q4q8)
2,
[q3, q4] = [q3, q6] = [q3, q7] = 1, [q3, q5] = [q3, q8] = (q4q8)
2,
[q4, q5] = [q4, q6] = [q4, q7] = [q4, q8] = (q4q8)
2,
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[q5, q6] = [q5, q7] = [q5, q8] = [q6, q7] = [q6, q8] = [q7, q8] = 1,
qs11 (q3q4q6q7q8)
−1 = (q4q8)
2, qs21 (q1q2q3q8)
−1 = qs31 (q1q3q5q7q8)
−1 = 1,
qf11 (q1q5q7)
−1 = qf21 (q1)
−1 = qf31 (q1q5q6q7)
−1 = qf41 (q1)
−1 = 1,
qf51 (q1q6q8)
−1 = qs12 (q1q4q5)
−1 = (q4q8)
2,
qs22 (q2q4q5q6)
−1 = qs32 (q1q2q4q5)
−1 = 1,
qf12 (q2q6)
−1 = (q4q8)
2, qf22 (q2)
−1 = qf32 (q2q5q6q7)
−1 = 1,
qf42 (q2q5q7)
−1 = qf52 (q2q6q7)
−1 = (q4q8)
2, qs13 (q3q5q7q8)
−1 = (q4q8)
2,
qs23 (q2q3q6q8)
−1 = (q4q8)
2, qs33 (q1q5q6q7q8)
−1 = 1, qf13 (q3q7)
−1 = (q4q8)
2,
qf23 (q3q6)
−1 = qf33 (q3q5q8)
−1 = 1, qf43 (q3q5q6q7q8)
−1 = qf53 (q3q7)
−1 = (q4q8)
2,
qs14 (q2q4q6q7)
−1 = qs24 (q1q3q5q7q8)
−1 = 1, qs34 (q1q2q3q5q8)
−1 = (q4q8)
2,
qf14 (q4q6q8)
−1 = 1, qf24 (q4q5q7)
−1 = qf54 (q4q5q7)
−1 = (q4q8)
2,
qf34 (q4q5q8)
−1 = qf44 (q4)
−1 = 1,
qs15 (q6q8)
−1 = qs25 (q5q7)
−1 = 1, qs35 (q7)
−1 = (q4q8)
2, qf15 (q5)
−1 = 1,
qf25 (q5)
−1 = qf35 (q5)
−1 = qf45 (q5)
−1 = qf55 (q5)
−1 = 1,
qs16 (q5q6q7q8)
−1 = qs26 (q8)
−1 = qs36 (q5q7q8)
−1 = (q4q8)
2,
qf16 (q6)
−1 = 1, qf26 (q6)
−1 = qf36 (q6)
−1 = qf46 (q6)
−1 = qf56 (q6)
−1 = 1,
qs17 (q7)
−1 = 1, qs27 (q6q7)
−1 = qs37 (q5q7)
−1 = (q4q8)
2,
qf17 (q7)
−1 = qf27 (q7)
−1 = qf37 (q7)
−1 = qf47 (q7)
−1 = qf57 (q7)
−1 = 1,
qs18 (q5q6q7)
−1 = qs28 (q5q8)
−1 = (q4q8)
2, qs38 (q6q7q8)
−1 = 1,
qf18 (q8)
−1 = qf28 (q8)
−1 = qf38 (q8)
−1 = qf48 (q8)
−1 = qf58 (q8)
−1 = 1,
[(q4q8)
2, sk] = 1 for k = 1, 2, 3,
[(q4q8)
2, fj] = 1 for 1 ≤ j ≤ 5,
[(q4q8)
2, qi] = 1 for 1 ≤ i ≤ 8.
(e) D1 = D/Z(D) has a faithful permutation representation of degree 256
with stabilizer W . Furthermore, V = Q/Z(D) is the unique elementary
abelian normal subgroup V = Q/Z(D) of order 256 in D1, and D1 is a
semidirect product of W by V .
(f) There is a basis B = {vi = qiZ(D) | 1 ≤ i ≤ 8} of V such that the three
generators sk of L are represented by the following matrices with respect
to B:
Ms1 =
0
BBBB@
0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0
1 0 1 0 0 0 0 0
1 1 0 1 0 0 0 0
0 1 1 0 0 1 0 1
1 0 0 1 1 1 0 1
1 0 1 1 0 1 1 1
1 0 1 0 1 1 0 0
1
CCCCA
, Ms2 =
0
BBBB@
1 0 0 1 0 0 0 0
1 1 1 0 0 0 0 0
1 0 1 1 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 1 1 0 0 1
0 1 1 0 0 0 1 0
0 0 0 1 1 0 1 0
1 0 1 1 0 1 0 1
1
CCCCA
, and Ms3 =
0
BBBB@
1 1 1 1 0 0 0 0
0 1 0 1 0 0 0 0
1 0 0 1 0 0 0 0
0 1 0 0 0 0 0 0
1 1 1 1 0 1 1 0
0 0 1 0 0 0 0 1
1 0 1 0 1 1 1 1
1 0 1 1 0 1 0 1
1
CCCCA
.
(g) W = 〈u, r, s1, s2, s3〉 where u = f1 is the central involution of W and
r = f2f4.
(h) The subgroup S = 〈fj , as, w | 1 ≤ j ≤ 5, 1 ≤ s ≤ 6〉 is a Sylow 2-subgroup
of W which has a unique maximal elementary abelian normal 2-subgroup
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A = 〈a1, a2, a3, a4, a5 = u, a6〉 of order 64 where
w = (s1s
2
2s3s2)
3, a1 = s
2
2f3s1s3s2, a2 = (f5s2s
3
1)
3,
a3 = (s1f3)
2, a4 = (s1)
2, a6 = (f2s1)
4.
(i) Let MA be the subgroup of GL8(2) generated by the matrices Ma1, Ma2,
Ma3, Ma4, Mu, Ma6 of the generators of A with respect to B. Then
NA = NGL8(2)(MA) has a cyclic Sylow 7-subgroup generated by the ma-
trix:
Ms =
0
BBBB@
1 1 0 0 0 0 0 0
1 1 0 0 1 0 0 1
1 1 0 0 0 1 0 0
0 1 0 1 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 0 1 1 0 0
0 1 0 1 0 1 1 1
1 1 1 0 0 0 0 0
1
CCCCA
.
(j) LetMW = 〈Mr,Mu,Ms1,Ms2,Ms3〉. LetMK be the subgroup of GL8(2)
generated by MW and the matrix Ms. Then MK is a simple group of
order |MK| = 29 · 34 · 5 · 7 which is isomorphic to Sp6(2).
(k) MK is an irreducible subgroup of GL8(2) generated by the five matrices
m1 =Ms, m2 =Mr, m3 =Ms1, m4 =Ms2 and m5 =Ms3 of respective
orders 7, 2, 4, 5, and 3. With respect to this set of generators MK has
the following set R(K) of defining relations:
m71 = m
2
2 = m
4
3 = m
5
4 = m
3
5 = 1,
m2m
−1
4 m
−1
3 m2m3m4 = (m
−1
3 m
−1
4 )
2 = 1,
m3m5m
−1
4 m
−1
3 m
−1
5 m4 = (m
−1
5 m
−1
4 )
3 = 1,
(m−11 m2)
4 = (m2m
−1
3 )
4 = 1, (m2m3m2m
−1
3 )
2 = 1,
m−15 m
−1
3 m4m
−1
3 m
−1
5 m
−2
4 = 1,
m2m3m
−1
5 m
−1
3 m2m3m5m
−1
3 = 1,
m4m
−1
1 m4m3m1m
−1
4 m3m4 = 1,
m−14 m3m
−1
5 m
−1
4 m3m
−1
5 m4m5 = 1,
[m5,m
−1
1 ,m5] = 1, (m
−2
1 m2)
3 = 1,
m5m3m1m2m
−1
1 m
−1
5 m2m
−1
5 m
−1
4 = 1,
(m−13 m
−1
1 m2)
3 = 1, (m3m
−1
1 m2)
3 = 1,
m1m
−1
3 m2m3m
−1
1 m
−2
4 m3m5 = 1,
m−11 m3m2m
3
1m3m
2
1m
−1
3 = 1,
m2m1m3m
3
1m2m1m2m
−1
3 = 1.
(l) Let K be the finitely presented group constructed in (k). Then V is an irre-
ducible 8-dimensional representation of K over F = GF(2). Furthermore,
K has a faithful permutation representation PK of degree 63.
(m) Let H1 = 〈mi, vj | 1 ≤ i ≤ 5, 1 ≤ j ≤ 8〉 be the split extension of K
by V . Then H1 has a set R(H1) of defining relations consisting of R(K),
R1(V ⋊K) and the following set R2(V ⋊K) of essential relations:
m1v1m
−1
1 v7v8 = m1v2m
−1
1 v1 = m1v3m
−1
1 v2v8 = m1v4m
−1
1 v3 = 1,
m1v5m
−1
1 v4v8 = m1v6m
−1
1 v5v8 = m1v7m
−1
1 v6 = m1v8m
−1
1 v8 = 1,
m2v1m
−1
2 v4v5v6 = m2v2m
−1
2 v1v2v3v4v7v8 = m2v3m
−1
2 v5v6v7v8 = 1,
m2v4m
−1
2 v3v4v5v6v7v8 = m2v5m
−1
2 v1v4v6 = m2v6m
−1
2 v3v5v7v8 = 1,
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m2v7m
−1
2 v1v4v5v6v7 = m2v8m
−1
2 v8 = 1,
m3v1m
−1
3 v1v2v7v8 = m3v2m
−1
3 v1v3v4v5v7 = m3v3m
−1
3 v1v2v3 = 1,
m3v4m
−1
3 v1v4v5v6v7 = m3v5m
−1
3 v2v3v4 = m3v6m
−1
3 v1v3v4 = 1,
m3v7m
−1
3 v1v3v5 = m3v8m
−1
3 v8 = 1,
m4v1m
−1
4 v1v2v5v7 = m4v2m
−1
4 v1v3v7v8 = m4v3m
−1
4 v4v6v7v8 = 1,
m4v4m
−1
4 v1v3v4v5v6v7v8 = m4v5m
−1
4 v1v2v3v6 = m4v6m
−1
4 v4v5v8 = 1,
m4v7m
−1
4 v1v2v6v8 = m4v8m
−1
4 v3v4v5v7 = 1,
m5v1m
−1
5 v1v4v8 = m5v2m
−1
5 v1v3v8 = m5v3m
−1
5 v2v4v5v6v7v8 = 1,
m5v4m
−1
5 v1v3v5v6v7v8 = m5v5m
−1
5 v1v6 = m5v6m
−1
5 v4v5v6v8 = 1,
m5v7m
−1
5 v1v2v6v7v8 = m5v8m
−1
5 v3v5v6v7v8 = 1.
(n) dimF [H
2(H1, F )] = 2 and there exists a unique central extension H of H1
whose Sylow 2-subgroups are isomorphic to the ones of D = CE3(z). H
is a split extension of K by its Fitting subgroup Q and H is isomorphic
to the finitely presented group H = 〈hi | 1 ≤ i ≤ 14〉 with the following set
R(H) of defining relations:
h71 = h
2
2 = h
4
3 = h
5
4 = h
3
5 = h
2
6 = h
2
7 = h
2
10 = h
2
13 = h
2
14 = 1,
h28 = h
2
9 = h
2
11 = h
2
12 = h14, [h1, h14] = 1,
[h2, h14] = [h3, h14] = [h4, h14] = [h5, h14] = [h6, h14] = [h7, h14] = 1,
[h8, h14] = [h9, h14] = [h10, h14] = [h11, h14] = [h12, h14] = [h13, h14] = 1,
h2h
−1
4 h
−1
3 h2h3h4 = (h
−1
3 h
−1
4 )
2 = h3h5h
−1
4 h
−1
3 h
−1
5 h4 = 1,
(h−15 h
−1
4 )
3 = (h−11 h2)
4 = (h2h
−1
3 )
4 = (h2h3h2h
−1
3 )
2 = 1,
h−15 h
−1
3 h4h
−1
3 h
−1
5 h
−2
4 = h2h3h
−1
5 h
−1
3 h2h3h5h
−1
3 = 1,
h4h
−1
1 h4h3h1h
−1
4 h3h4 = h
−1
4 h3h
−1
5 h
−1
4 h3h
−1
5 h4h5 = 1,
[h5, h
−1
1 , h5] = (h
−2
1 h2)
3 = h5h3h1h2h
−1
1 h
−1
5 h2h
−1
5 h
−1
4 = 1,
(h−13 h
−1
1 h2)
3 = (h3h
−1
1 h2)
3 = h1h
−1
3 h2h3h
−1
1 h
−2
4 h3h5 = 1,
h−11 h3h2h
3
1h3h
2
1h
−1
3 = h2h1h3h
3
1h2h1h2h
−1
3 = 1,
h1h6h
−1
1 h12h13 = h1h7h
−1
1 h6 = h1h8h
−1
1 h7h13 = 1,
h1h9h
−1
1 h8h14 = h1h10h
−1
1 h9h13 = h1h11h
−1
1 h10h13 = 1,
h1h12h
−1
1 h11h14 = h1h13h
−1
1 h13 = h2h6h
−1
2 h9h10h11 = 1,
h2h7h
−1
2 h6h7h8h9h12h13h14 = h2h8h
−1
2 h10h11h12h13 = 1,
h2h9h
−1
2 h8h9h10h11h12h13 = h2h10h
−1
2 h6h9h11 = 1,
h2h11h
−1
2 h8h10h12h13 = h2h12h
−1
2 h6h9h10h11h12h14 = 1,
h2h13h
−1
2 h13 = h3h6h
−1
3 h6h7h12h13h14 = 1,
h3h7h
−1
3 h6h8h9h10h12h14 = h3h8h
−1
3 h6h7h8h14 = 1,
h3h9h
−1
3 h6h9h10h11h12 = h3h10h
−1
3 h7h8h9 = 1,
h3h11h
−1
3 h6h8h9 = h3h12h
−1
3 h6h8h10h14 = 1,
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h3h13h
−1
3 h13 = h4h6h
−1
4 h6h7h10h12 = 1,
h4h7h
−1
4 h6h8h12h13 = h4h8h
−1
4 h9h11h12h13h14 = 1,
h4h9h
−1
4 h6h8h9h10h11h12h13 = h4h10h
−1
4 h6h7h8h11h14 = 1,
h4h11h
−1
4 h9h10h13h14 = h4h12h
−1
4 h6h7h11h13 = 1,
h4h13h
−1
4 h8h9h10h12h14 = h5h6h
−1
5 h6h9h13h14 = 1,
h5h7h
−1
5 h6h8h13 = h5h8h
−1
5 h7h9h10h11h12h13h14 = 1,
h5h9h
−1
5 h6h8h10h11h12h13 = h5h10h
−1
5 h6h11 = 1,
h5h11h
−1
5 h9h10h11h13h14 = h5h12h
−1
5 h6h7h11h12h13h14 = 1,
h5h13h
−1
5 h8h10h11h12h13 = h
−1
6 h
−1
7 h6h7h14 = 1,
h−16 h
−1
8 h6h8h14 = h
−1
6 h
−1
9 h6h9h14 = [h6, h10] = 1,
h−16 h
−1
11 h6h11h14 = [h6, h12] = h
−1
6 h
−1
13 h6h13h14 = 1,
[h7, h8] = h
−1
7 h
−1
9 h7h9h14 = [h7, h10] = h
−1
7 h
−1
11 h7h11h14 = 1,
h−17 h
−1
12 h7h12h14 = h
−1
7 h
−1
13 h7h13h14 = 1,
h−18 h
−1
9 h8h9h14 = h
−1
8 h
−1
10 h8h10h14 = [h8, h11] = 1,
[h8, h12] = h
−1
8 h
−1
13 h8h13h14 = [h9, h10] = [h9, h11] = [h9, h12] = 1,
h−19 h
−1
13 h9h13h14 = [h10, h11] = h
−1
10 h
−1
12 h10h12h14 = 1,
h−110 h
−1
13 h10h13h14 = h
−1
11 h
−1
12 h11h12h14 = 1,
h−111 h
−1
13 h11h13h14 = h
−1
12 h
−1
13 h12h13h14 = 1.
Proof. (a) By Lemma 2.6 the split extension E3 = V3 ⋊ A22 = 〈p, q, v1〉
has a unique conjugacy class of involutions of highest defect. It is represented by
z = (pq2v1)
5 and its centralizer D = CE3(z) has order 2
18 · 32 · 5.
Using the faithful permutation representation of E3 with stabilizer A22 and
Magma it has been checked that D has a unique normal subgroup Q of order 512
with center Z(Q) = 〈z〉. Furthermore, Q is extra-special and it has a complement
W of order 29 · 32 · 5. Another application of Magma yields that the Fitting
subgroup B of W is elementary abelian of order 25, and that B has a complement
L ∼= S6 in W . Using then a stand alone program written by the first author we
found the generators of the subgroups B = 〈fj | 1 ≤ j ≤ 5, L = 〈nl | 1 ≤ l ≤ 4〉
and Q = 〈nl | 5 ≤ l ≤ 12〉 of D. Hence (a) holds.
(b) Since Q is extra-special of order 29 and its center Z(Q) = Z(D) = 〈z〉 we
determined by means of Magma eight involutions qi generating Q. Using the stand
alone program mentioned before the words in the generators nl of Q of the eight
involutions were calculated. Since their residue classes generate the elementary
abelian normal subgroup V = Q/Z(Q) of D1 = D/Z(Q) we obtained the following
set R(Q) of defining relations of Q = 〈qi | 1 ≤ i ≤ 8〉:
q21 = q
2
2 = q
2
3 = q
2
4 = q
2
5 = q
2
6 = q
2
7 = q
2
8 = 1,
[q1, q2] = [q1, q3] = [q1, q4] = [q1, q6] = [q1, q8] = 1, [q1, q5] = [q1, q7] = z,
[q2, q3] = [q2, q4] = [q2, q5] = [q2, q6] = [q2, q7] = 1, [q2, q8] = z,
[q3, q4] = [q3, q6] = [q3, q7] = 1, [q3, q5] = [q3, q8] = z,
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[q4, q5] = [q4, q6] = [q4, q7] = [q4, q8] = z,
[q5, q6] = [q5, q7] = [q5, q8] = [q6, q7] = [q6, q8] = [q7, q8] = 1.
In particular, z = (q4q8)
2, hence (b) holds.
(c) Another application of Magma and the permutation representation PE3
yields that the permutation group PL of the complement L = 〈nk | 1 ≤ k ≤ 4〉 can
be generated by the three elements s1, s2 and s3. For these generators si Magma
provided the following set R(L) of defining relations:
s41 = s
5
2 = s
3
3 = 1,
(s2s1)
2 = s1s3s
−1
2 s
−1
1 s
−1
3 s2 = (s2s3)
3 = s22s3s1s
−1
2 s1s3 = 1,
s−12 s1s
−1
3 s
−1
2 s1s
−1
3 s2s3 = 1.
Using Magma again it has been checked that L ∼= S6. Thus (c) holds.
(d) Since the elementary abelian subgroup B is normal in the semidirect prod-
uctW of L by B the presentation ofW = 〈fj , sk〉 can easily be calculated by means
of R(L) and the conjugation action of the sk ∈ L on B. Hence W has a defining
set R(W ) of relations consisting of R(L) and the following relations:
f21 = f
2
2 = f
2
3 = f
2
4 = f
2
5 = 1,
f s11 (f1)
−1 = f s21 (f1)
−1 = f s31 (f1)
−1 = 1,
f s12 (f1f4f5)
−1 = f s22 (f1f2f3f5)
−1 = f s32 (f3f5)
−1 = 1,
f s13 (f3f5)
−1 = f s23 (f2f3)
−1 = f s33 (f2f5)
−1 = 1,
f s14 (f1f3f4f5)
−1 = f s24 (f1f3f4)
−1 = f s34 (f1f3f4)
−1 = 1,
f s15 (f2f3f4)
−1 = f s25 (f2f3f4)
−1 = f s35 (f1f2)
−1 = 1,
[f1, f2] = [f1, f3] = [f1, f4] = [f1, f5] = [f2, f3] = [f2, f4] = [f2, f5] = 1,
[f3, f4] = [f3, f5] = [f4, f5] = 1.
As Q is normal in the semidirect product D of W by Q the conjugate action of the
fj and sk on Q provides the following set R(Q) of relations:
qs11 (q3q4q6q7q8)
−1 = z, qs21 (q1q2q3q8)
−1 = qs31 (q1q3q5q7q8)
−1 = 1,
qf11 (q1q5q7)
−1 = qf21 (q1)
−1 = qf31 (q1q5q6q7)
−1 = qf41 (q1)
−1 = 1,
qf51 (q1q6q8)
−1 = qs12 (q1q4q5)
−1 = (q4q8)
2,
qs22 (q2q4q5q6)
−1 = qs32 (q1q2q4q5)
−1 = 1,
qf12 (q2q6)
−1 = (q4q8)
2, qf22 (q2)
−1 = qf32 (q2q5q6q7)
−1 = 1,
qf42 (q2q5q7)
−1 = qf52 (q2q6q7)
−1 = z, qs13 (q3q5q7q8)
−1 = z,
qs23 (q2q3q6q8)
−1 = (q4q8)
2, qs33 (q1q5q6q7q8)
−1 = 1, qf13 (q3q7)
−1 = z,
qf23 (q3q6)
−1 = qf33 (q3q5q8)
−1 = 1, qf43 (q3q5q6q7q8)
−1 = qf53 (q3q7)
−1 = (q4q8)
2,
qs14 (q2q4q6q7)
−1 = qs24 (q1q3q5q7q8)
−1 = 1, qs34 (q1q2q3q5q8)
−1 = z,
qf14 (q4q6q8)
−1 = 1, qf24 (q4q5q7)
−1 = qf54 (q4q5q7)
−1 = z,
qf34 (q4q5q8)
−1 = qf44 (q4)
−1 = 1,
qs15 (q6q8)
−1 = qs25 (q5q7)
−1 = 1, qs35 (q7)
−1 = (q4q8)
2, qf15 (q5)
−1 = 1,
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qf25 (q5)
−1 = qf35 (q5)
−1 = qf45 (q5)
−1 = qf55 (q5)
−1 = 1,
qs16 (q5q6q7q8)
−1 = qs26 (q8)
−1 = qs36 (q5q7q8)
−1 = z,
qf16 (q6)
−1 = 1, qf26 (q6)
−1 = qf36 (q6)
−1 = qf46 (q6)
−1 = qf56 (q6)
−1 = 1,
qs17 (q7)
−1 = 1, qs27 (q6q7)
−1 = qs37 (q5q7)
−1 = (q4q8)
2,
qf17 (q7)
−1 = qf27 (q7)
−1 = qf37 (q7)
−1 = qf47 (q7)
−1 = qf57 (q7)
−1 = 1,
qs18 (q5q6q7)
−1 = qs28 (q5q8)
−1 = (q4q8)
2, qs38 (q6q7q8)
−1 = 1,
qf18 (q8)
−1 = qf28 (q8)
−1 = qf38 (q8)
−1 = qf48 (q8)
−1 = qf58 (q8)
−1 = 1,
Since z generates the center Z(D) of D, the additional relations of the set R(D)
of defining relations of D given in (d) are clear by the proof of (b). Using Magma
again we have checked that this is a presentation of D.
(e) All the statements follow immediately from the presentation of D given
in (d).
(f) From (c) and (d) follows that the Fitting subgroup B ofW has order 25 and
a complement L = 〈s1, s2, s3〉 ∼= S6 in W . Hence W is isomorphic to the centralizer
H(Sp6(2)) of a 2-central involution of Sp6(2) by Proposition 8.6.5 of [11]. Thus
we may apply Algorithm 7.4.8 of [11] to construct a simple overgroup K of W
such that |K : W | is odd and K normalizes V . For that we choose the basis
B = {vi = qiZ(Q) | 1 ≤ i ≤ 8} of V . With respect to B the conjugate action of the
sk on V is described by the three matrices Msk of the statement.
(g) From the presentation of D follows that u = f1 is an involution of Z(W ).
Another application of Magma yields that W = 〈u, r, y1, y2, y3〉 for r = f2f4 and
that the conjugate actions of r and u on V have the following matrices with respect
to B:
Mu =
0
BBBB@
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
1 0 0 0 1 0 0 0
0 1 0 1 0 1 0 0
1 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
1
CCCCA
and Mr =
0
BBBB@
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 1 1 1 1 0 0 0
0 0 0 0 0 1 0 0
0 1 1 1 0 0 1 0
0 0 1 0 0 0 0 1
1
CCCCA
.
(h) Using the faithful permutation representation PD1 of D1 given in (e) and
Magma we find the generators of the given Sylow 2-subgroup S of W . It has a
unique maximal elementary abelian normal subgroup A = 〈a1, a2, a3, a4, a5 = u, a6〉
of order 64. Its generators ai are represented by the following matrices with respect
to B:
Ma1 =
0
BBBB@
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
1 0 1 1 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 1 0 1 1
0 0 0 0 0 0 0 1
1
CCCCA
, Ma2 =
0
BBBB@
0 0 0 1 0 0 0 0
0 1 0 0 0 0 0 0
0 1 1 0 0 0 0 0
1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 0 0 1 1 0 1
0 0 0 0 1 1 1 0
0 0 0 0 1 0 0 0
1
CCCCA
, Ma3 =
0
BBBB@
0 0 0 1 0 0 0 0
1 1 0 1 0 0 0 0
1 1 1 0 0 0 0 0
1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 0 0 0 1 0 0
0 0 0 0 0 1 1 0
0 0 0 0 1 0 0 0
1
CCCCA
,
Ma4 =
0
BBBB@
0 0 0 1 0 0 0 0
1 1 0 1 0 0 0 0
1 1 1 0 0 0 0 0
1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1
1 1 0 0 0 1 0 0
1 0 1 1 0 1 1 0
0 0 0 1 1 0 0 0
1
CCCCA
, and Ma6 =
0
BBBB@
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
1 0 0 1 1 0 0 0
0 0 0 0 0 1 0 0
1 1 0 0 0 0 1 0
1 0 0 1 0 0 0 1
1
CCCCA
.
Observe that the map ϕ : Px → Mx sending the permutation Px of PD1 to its
matrix Mx with respect to the basis B yields an anti-epimorphism from PD1 onto
MW = 〈Mr,Mu,Ms1,Ms2,Ms3〉 ≤ GL8(2) with kernel PV .
(i) MA = 〈Ma1,Ma2,Ma3,Ma4,Ma5 = Mu,Ma6〉 is an elementary abelian
subgroup of Γ = GL8(2) of order 2
6. In view of Proposition 8.6.5(i) of [11] we
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now calculate NA = NΓ(MA). The matrix Ms of the statement generates a Sylow
7-subgroup of order 7 of NA.
(j) Let MK = 〈MW,Ms〉. Then an application of Magma yields that MU =
NA∩MK = NMK(MA) has order 29 ·3 ·7. It is a split extension of GL3(2) by MA.
Furthermore, MK = 〈MW,MU〉 is isomorphic to the simple group Sp6(2).
(k) The groupMK has a faithful permutation representation of degree 63 with
stabilizerMW . Using it and Magma the set R(K) of the defining relations of K =
〈m1,m2,m3,m4,m5〉 has been calculated where m1 = Ms, m2 = Mr, m3 = Ms1,
m4 =My4 and m5 =Ms3.
(l) By (k) and (j), K has an irreducible 8-dimensional matrix representation V .
The given presentation of the split extension H1 = V ⋊K has been calculated by
means of Magma using the presentation of K given in (k).
(m) Assertion (c) implies that D1 = D/Z(D) splits over V = Q/Z(D) with
complement W . By Algorithm 2.5 of [10] the centralizer H = CG(z) of z in the (at
this time unknown) target simple group G must have odd index |H : D| = |K :W |.
Therefore Theorem 1.4.15 of [11] implies that H is a central extension of H1 by a
cyclic subgroup Z(H) = 〈z〉 having a normal subgroup Q containing z such that
V = Q/Z(H) has a complement in H/Z(H) isomorphic to K.
By construction H1 = 〈m1,m2,m3,m4,m5, v1, v2, v3, v4, v5, v6, v7, v8〉 has a
faithful permutation representation PH1 of degree 256 with stabilizerK. Let FPH1
be the presentation of H1 given in (m). Then we can apply Holt’s Algorithm imple-
mented in Magma [8] to the trivial matrix representation of H1 over F = GF(2).
It yields that the second cohomological dimension dimF [H
2(H1, F )] = 2. Thus
there are three non-split central extensions E0,1, E1,0, E1,1 of H1. As D does not
split over Z(D) H can only be isomorphic to a non-split extension.
Let TH1 := GModule(PH_1, FEalg) be the trivial module of the matrix algebra
FEalg generated by the thirteen identity matrices corresponding to the thirteen
generators of H1. Using the Magma command
P_H :=ExtensionProcess(PH_1,TH_1,FPH_1)
we construct a presentation for each of the three non-split central extensions
E0,1 := Extension(P_H, [0,1]),
E1,0 := Extension(P_H, [1,0]), and
E1,1 := Extension(P_H, [1,1]),
corresponding to the three linearly independent 2-cocycles [a, b] ∈ F 2. Each of these
three presentations has 14 generators where the 14th generator corresponds to the
new central element z. The first five generators correspond to m1,m2,m3,m4,m5
in the factor group H1. Taking the corresponding generators in E1,0 as the sta-
bilizer of a permutation representation PE1,0 of E1,0 it follows by another appli-
cation of Magma that PE1,0 is a faithful permutation of E1,0 of degree 512, and
that E1,0 has an extra-special normal subgroup Q of order 2
9 with complement
K = 〈m1,m2,m3,m4,m5〉. We also have checked that the Sylow 2-subgroups of
E1,0 and D are isomorphic, and that this is not the case for the the two other
extensions E0,1 and E1,1. Therefore only E1,0 can be isomorphic to the centralizer
H = CG(z). The presentation of E1,0 is given in the statement. This completes
the proof. 
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Lemma 3.2. Keep the notation of Lemmas 2.4, 2.5 and Proposition 3.1. Let
H = 〈hi | 1 ≤ i ≤ 14〉 be the finitely presented group constructed in Proposition 3.1.
Then the following statements hold:
(a) H has a faithful permutation representation of degree 512 with stabilizer
〈h1, h4〉.
(b) Each Sylow 2-subgroup S of H has a unique maximal elementary abelian
normal subgroup A of order 210 and NH(A) ∼= D = CE3(z).
(c) There is a Sylow 2-subgroup S such that D = NH(A) = 〈x, y〉, where
x = h2h16h1 and y = h9h14h15 have orders 12 and 6, respectively. Fur-
thermore, H = 〈x, y, h〉 where h = h1 has order 7.
(d) The Goldschmidt index of the amalgam H ← D → E3 is 2.
(e) A system of representatives ri of the 100 conjugacy classes of H and the
corresponding centralizers orders |CH(ri)| are given in Table A.1.
(f) A system of representatives di of the 148 conjugacy classes of D and the
corresponding centralizers orders |CD(di)| are given in Table A.2.
(g) Let σ : NH(A) → D = CE3(z) be the isomorphism given in (b). Then
there is an element e ∈ E3 of order 4 such that E3 = 〈σ(D), e〉. A
system of representatives ei of the 79 conjugacy classes of E3 and the
corresponding centralizers orders |CE3(ei)| are given in Table A.3.
(h) The character tables of H, D and E3 are given in Tables B.1, B.2,
and B.3, respectively.
Proof. (a) This assertion follows at once from Proposition 3.1(n).
In particular, H has a faithful permutation representation PH of degree 512.
Using it and Magma it is straightforward to verify statements (b) and (c).
(d) The Goldschmidt index has been calculated by means of Kratzer’s Algo-
rithm 7.1.10 of [11].
The systems of representatives of the conjugacy classes of H and D have been
calculated by means of PH , Magma and Kratzer’s Algorithm 5.3.18 of [11].
(g) It has been checked with Magma that e = p satisfies E3 = 〈σ(D), e〉.
The character tables mentioned in (h) have been calculated by means of PH
and Magma. 
Proposition 3.3. Keep the notation of Lemma 2.4. Let
E2 = 〈a, b, c, d, t, g, h, i, v1〉
be the split extension of M22 by its simple module V2 of dimension 10 over F =
GF(2). Then the following statements hold:
(a) z = (iv1)
2 is a 2-central involution of E2 with centralizer D = CE2(z).
(b) D is a finitely presented group D = 〈yi | 1 ≤ i ≤ 11〉 having the following
set R(D) of defining relations:
y22 = y
2
3 = y
2
5 = y
2
6 = y
2
7 = y
2
8 = y
2
9 = y
2
11 = (y5y9)
2 = (y5y11)
2 = (y9y11)
2 = 1,
y11y3y5y4y10y3y5y4y10y
−1
5 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
4 y
−1
5 y
−1
3 = 1,
y11y3y5y4y10y3y5y4y10y
−1
9 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y5 = 1,
y11y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
9 y
−1
5 y3y5y4y10y3y5y4y10 = 1,
y10y
−1
5 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y5y9y3y5y4 = y11y3y5y4y10y
−1
9 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y5y9 = 1,
y11y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
5 y3y5y4y10 = (y10y3y5y4)
3 = y9y
−1
4 y
−1
5 y4 = y9y
−1
4 y
−1
9 y4y5 = 1,
y11y
−1
4 y
−1
11 y4y5 = y11y3y5y4y10y
−1
4 y3y5y4y10y
−1
4 y9 = 1,
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y10y
−1
4 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
4 y3y5y4y10y4y3y5y4 = 1,
y11y3y5y4y10y3y5y4y10y
−2
4 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y4y9 = 1,
y11y10y
−1
5 y
−1
10 y
−1
11 y
−1
3 y5y9y3y5y4y10y3y5y4y10y
−1
4 y
−1
10 y
−1
4 y
−1
5 = 1,
y11y10y
−1
9 y
−1
10 y
−1
11 y
−1
3 y5y3y5y4y10y
−1
4 y3 = 1,
y11y
−1
10 y
−1
11 y
−1
3 y4y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
11 y
−1
9 y
−1
5 y3y11y10 = 1,
y11y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
11 y
−1
3 y5y9y11y3y5y4y10y3y5y4y10y3 = 1,
y11y
−1
4 y
−1
5 y
−1
3 y4y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
11 y
−1
9 y
−1
10 y
−1
11 y
−1
3
·y5y3y5y4y10y3y5y4y10y−14 y3 = 1,
y11y10y3y11y10y5y
−1
4 y3 = y11y10y3y5y9y
−1
10 y5y3y5y4y10y
−1
4 y
−1
10 y
−1
4 y
−1
5 = 1,
y11y3y5y4y10y3y5y4y10y
−1
4 y3y5y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
5 y
−1
3 y5 = 1,
y11y
−1
4 y
−1
10 y
−1
4 y
−1
5 y
−1
3 y
−1
5 y
−1
3 y
−1
10 y
−1
11 y
−1
3 y
−1
11 y
−1
9 y
−1
5 y3y
2
5 = 1,
y11y10y
−1
5 y
−1
3 y
−1
10 y
−1
11 y
−1
3 y4y
−1
9 y3y5y9y3 = 1,
y11y
−1
5 y
−1
3 y
−1
10 y
−1
11 y5y4y10y4y
−1
11 y3y5y9 = (y5y3y5)
2 = 1,
y11y3y5y4y10y
−1
4 y3y5y4y10y3y5y4y3y5y
−1
4 y
−1
5 y
−1
3 y5 = 1,
y9y3y5y
−1
4 y2y
−1
3 y
−1
2 y5 = y9y
−1
4 y2y
−1
4 y
−1
2 = y9y2y
−1
5 y
−1
2 = 1,
y9y
−1
2 y
−1
5 y2 = y10y
−1
2 y
−1
5 y
−1
4 y
−1
10 y2 = y11y
−1
2 y
−1
11 y
−1
9 y
−1
5 y2 = 1,
y9y2y1y2y1y
−1
2 y
−1
1 y
−1
2 y
−1
1 y5 = y9y
−1
4 y1y2y1y
−1
3 y
−1
1 y
−1
2 y
−1
1 y5y3 = 1,
y9y
−1
4 y1y2y1y
−1
4 y
−1
1 y
−1
2 y
−1
1 y5 = y9y1y2y1y
−1
5 y
−1
1 y
−1
2 y
−1
1 = 1,
y9y
−1
1 y
−1
2 y
−1
1 y
−1
5 y1y2y1 = y10y
−1
1 y
−1
2 y
−1
1 y
−1
4 y
−1
9 y
−1
10 y
−1
9 y1y2y1 = 1,
y11y
−1
1 y
−1
2 y
−1
1 y
−1
11 y
−1
9 y
−1
5 y1y2y1 = y9y1y2y
2
1y2y1y5 = y9y4y1y2y
2
1y
−1
2 y
−1
1 = 1,
y11y
−1
4 y1y
−1
3 y
−1
1 y9y11y3y9 = [y
−1
4 , y1] = y9y1y
−1
5 y
−1
1 = y9y
−1
1 y
−1
9 y
−1
5 y1 = 1,
y10y
−1
1 y4y10y1 = y11y
−1
1 y
−1
11 y
−1
5 y1 = y9y1y
−1
4 y
−1
5 y1y5 = y4y
−2
1 = 1,
y11y2y1y6y3y11y10y7y
−1
1 y
−1
2 y
−1
4 y
−1
10 y
−1
3 y
−1
5 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y5y9y11y
2
10 = 1,
y11y
−1
10 y9y2y1y2y1y6y3y11y10y7y
−1
1 y
−1
2 y
−1
1 y
−1
2 y4y
−1
9 y10y
−1
4
·y−111 y−15 y−17 y−110 y−111 y−13 y−16 = 1,
y11y10y7y4y
−1
10 y4y
−1
5 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y5y9y11y
2
10y6y3 = 1,
y11y
−1
4 y
−1
10 y5y2y6y3y11y10y7y
−1
2 y
−1
3 y10y
−1
3 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y9 = 1,
y11y3y4y9y10y
−1
4 y6y3y11y10y7y
−1
4 y
−1
10 y
−1
9 y
−1
3 y
−1
11 y
−1
9 y
−1
5 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 = 1,
y11y
−1
4 y10y9y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
4 y
−1
10 y
−1
4 y
−1
11 y
−1
9 y6y3y11y10y7 = 1,
y11y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
11 y
−1
9 y6y3y11y10y7y9 = 1,
y11y10y7y
−1
10 y6y3y11y10y7y5y9y
−1
10 y
−1
4 y10y6y3 = 1,
y11y3y2y1y2y1y6y3y11y10y7y3y10y6y3y11y10y7y4y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y5y3y4 = 1,
y11y10y7y
−1
4 y
−1
2 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y5y9y10y3y10y1y2y
2
1y6y3y11y10y7y9y6y3 = 1,
y11y3y11y10y6y3y11y10y7y5y6y3y11y10y7y
−1
9 y
−1
4 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y9 = 1,
y7y
−1
4 y
−1
2 y
−1
6 y
−1
2 y4y
−1
5 = y9y6y
2
2y
−1
8 y5 = y9y6y2y
−1
5 y
−1
2 y
−1
6 = 1,
y9y
−1
2 y
−1
6 y
−1
5 y6y2 = y11y
−1
2 y
−1
6 y
−1
11 y
−1
9 y
−1
5 y6y2 = 1,
y11y10y7y3y4y
−1
2 y
−1
6 y
−1
3 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
1 y
−1
2 y
−1
1 y
−1
2 y
−1
4 y
−1
10 y
−1
3
·y−19 y6y2y5y3y4y−110 y6y3 = 1,
SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co2 AND Fi22 21
y11y4y10y2y1y2y1y6y3y11y10y7y2y3y
−1
2 y
−1
6 y10y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
1 y
−1
2 y
−1
1 y
−1
9
·y10y−14 y6y2y5y9 = 1,
y11y10y7y
−1
2 y
−1
6 y
−1
9 y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−2
1 y
−1
2 y
−1
1 y
−1
2
·y−19 y−110 y−111 y−13 y−19 y−15 y6y2y5y3y11y10y9y2y1y2y21y6y3 = 1,
y11y10y7y4y9y6y2y
−1
1 y
−1
2 y
−1
1 y
−1
2 y
−1
10 y
−1
5 y
−1
10 y
−1
2 y
−1
6 y2y1y2y1y6y3 = 1,
y11y3y4y10y4y2y1y2y1y6y3y11y10y7y3y4y6y2y
−1
1 y
−1
3 y
−1
9 y10
·y−19 y−15 y−12 y−16 y5y9 = 1,
y11y3y11y10y
−1
6 y10y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
2 y
−1
3 y
−1
10 y
−1
11 y
−1
9 y6y2 = 1,
y11y10y
−1
2 y
−1
6 y10y
−1
7 y
−1
10 y
−1
11 y
−1
3 y
−1
6 y
−1
4 y
−1
9 y
−1
10 y
−1
5 y6y2y5y3y
−1
4 = 1,
(y6y
2
2)
2 = y9y
−1
4 y2y6y2y6y2y
−1
4 y
−1
2 y
−1
6 = 1,
y11y3y5y2y1y2y
2
1y6y3y11y10y7y2y6y2y4y
−1
10 y6y2y10y
−1
2 y
−1
6 y9 = 1,
y11y10y7y2y
−1
10 y6y
2
2y
−1
10 y6y2y
−1
5 y
−1
3 y
−1
2 y
−1
6 y5y9y4y10y9y2y6y3 = 1.
(c) D has a faithful permutation representation PD of degree 1024 with sta-
bilizer U = 〈y1, y4, y10〉.
(d) D has a unique normal nonabelian subgroup Q of order 1024 with center
Z(Q) = 〈z1, z2〉 of order 4, where z1 = y9y1y2y1y2, z2 = y9y11y4y1. Fur-
thermore, Q has a complement W in D of order |W | = 27 · 3 · 5, where
W = 〈w1, w2, w3〉 and
w1 = y11y
2
10y
−1
4 y1y6y
−1
10 y8y10y8y2,
w2 = y11y
−1
10 y1y6y10y4y8y10y7, and
w3 = y11y10y3y4y1y6y10y4y8y10y7.
(e) Let α : D → D1 = D/Z(Q) be the canonical epimorphism with kernel
ker(α) = Z(Q). Let V = α(Q) and let ui = α(yi) ∈ D1 for i = 1, 2, . . . , 11.
Then V is an elementary abelian normal subgroup of order 28 of D1 having
a complement W1 = 〈k1, k2, k3〉 ∼= W , where kj = α(wj) for j = 1, 2, 3.
Furthermore, D1 has a faithful permutation representation of degree 256
with stabilizer W1, and V = 〈ql | 1 ≤ l ≤ 8〉, where
q1 = u5u9u4u
−1
10 u
−1
4 u1u6u3u1u10,
q2 = u3u11u4u1u7u3, q3 = u9u7, q4 = u11u1u6u4,
q5 = u9u11u3u5u1u7u10u8u3u6,
q6 = u9u11u3u11u10u1u6u3u
−1
1 u3u7,
q7 = u5u11u3u9u11u
−1
4 u6u3u8u
−1
10 u7,
q8 = u9u3u
−1
4 u1u6u3u8u
−1
10 u7u1.
(f) The conjugate action of the three generators kj of W1 on V with respect
to the basis B = {ql | 1 ≤ l ≤ 8} of V is given by the following matrices:
Mk1 =
0
BBBB@
1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 0
0 1 0 0 1 1 1 1
0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1
1
CCCCA
, Mk2 =
0
BBBB@
1 0 1 0 0 0 0 0
1 1 1 1 0 0 0 0
1 1 0 1 0 0 0 0
1 0 0 1 0 0 0 0
0 1 0 0 0 1 0 0
0 0 0 1 0 0 1 1
0 1 0 0 1 0 1 1
1 0 1 0 0 0 1 0
1
CCCCA
, and Mk3 =
0
BBBB@
1 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 0 0 0 0
1 1 1 0 0 0 0 0
1 0 0 0 0 1 0 0
0 1 0 0 1 1 0 0
0 0 0 0 1 0 1 1
1 0 0 0 0 1 1 0
1
CCCCA
.
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(g) The Fitting subgroup A of W1 is elementary abelian of order 16 and
generated by a1 = k1k3k2k1k
3
2, a2 = k2k
2
3k2k
2
3, a3 = k2k1k
3
2k1k3, and
a4 = k1k3k2k3k2k1k2. It has a complement L = 〈k1, k2〉 in W1 which is
isomorphic to the symmetric group S5.
(h) The Fitting subgroup A is a maximal elementary abelian normal sub-
group of the Sylow 2-subgroup S = 〈A, k1, r〉 of W1 with center Z(S) =
〈u〉, where r = k2k1k3k22k1k2k3 and u = k1(k3k2)2k1k2. The central-
izer CW1 (u) of u has order 2
7 · 3. It is generated by S and the element
d = (k1k2)
2(k2k1)
2 of order 3.
(i) Let MW1 be the subgroup of GL8(2) generated by the matrices of the con-
jugate action of the generators of W1 on V with respect to the basis B. Let
Mai, Mu andMd be the corresponding matrix of ai, u and d, respectively.
Let MX = CGL8(2)(Mu)∩CGL8(2)(Md). Then MX has an abelian Sylow
3-subgroup MT of order 33 and MT contains the matrix
Mx =
0
BBBB@
0 1 0 0 0 0 0 0
1 1 0 0 0 0 0 0
1 1 0 1 0 0 0 1
1 0 1 1 0 1 1 1
0 0 0 1 1 1 0 0
0 1 1 0 1 0 0 0
1 1 1 1 1 0 0 0
0 1 1 1 0 0 0 0
1
CCCCA
of order 3 such that MC = 〈CMW1 (Mu),Mx〉 has order |MC| = 27 · 32.
(j) Let MK = 〈MC,MW1〉. Then the derived subgroup MK ′ of MK is a
simple group of order |MK ′| = 26 · 34 · 5, which is isomorphic to the
unitary group U4(2).
(k) MK is an irreducible subgroup of GL8(2) generated by the matrices m1 =
Mk1, m2 = Mk2, m3 = Mk3, m4 = Mx of respective orders 2, 5, 3,
and 3. With respect to this set of generators MK has the following set
R(K) of defining relations:
m21 = m
5
2 = m
3
3 = m
3
4 = 1, [m3,m4] = 1, m
−1
3 m2m1m
−1
2 m3m1 = 1,
(m−12 m1)
4 = 1, m−13 m2m
−1
3 m1m2m3m1m
−1
2 = (m2m
−1
3 )
4 = 1,
[m4,m
−1
2 ,m4] = 1, m1m
−1
4 m1m
−1
4 m1m4m1m4 = 1,
m−12 m
−1
3 m1m
−2
2 m3m4m1m
−1
4 = 1, m2m
−1
3 m2m4m
2
2m
−1
3 m
−1
2 m3m4 = 1.
(l) Let K be the finitely presented group constructed in (k). Then V is an
irreducible 8-dimensional representation of K over F = GF(2) of second
cohomological dimension dimF [H
2(K,V )] = 0. Furthermore, K has a
faithful permutation representation PK of degree 640 having a stabilizer
which is the Sylow 3-subgroup 〈(m2m4)2, (m1m23m4)2〉 of K.
(m) Let H1 = 〈mi, qj | 1 ≤ i ≤ 4, 1 ≤ j ≤ 8〉 be the split extension of K
by V . Then H1 has a set R(H1) of defining relations consisting of R(K),
R1(V ⋊K) and the following set R2(V ⋊K) of essential relations:
m1q1m
−1
1 q1q2 = 1, m1q2m
−1
1 q2 = 1, m1q3m
−1
1 q3q4 = 1,
m1q4m
−1
1 q4 = 1, m1q5m
−1
1 q7 = 1, m1q6m
−1
1 q2q5q6q7q8 = 1,
m1q7m
−1
1 q5 = 1, m1q8m
−1
1 q8 = 1, m2q1m
−1
2 q1q2q3 = 1,
m2q2m
−1
2 q3q4 = 1, m2q3m
−1
2 q2q3 = 1, m2q4m
−1
2 q1q2q3q4 = 1,
m2q5m
−1
2 q1q2q6q7 = 1, m2q6m
−1
2 q3q4q5 = 1, m2q7m
−1
2 q1q8 = 1,
m2q8m
−1
2 q2q3q4q6q8 = 1, m3q1m
−1
3 q2 = 1, m3q2m
−1
3 q1q2 = 1,
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m3q3m
−1
3 q1q4 = 1, m3q4m
−1
3 q1q2q3q4 = 1, m3q5m
−1
3 q1q5q6 = 1,
m3q6m
−1
3 q2q5 = 1, m3q7m
−1
3 q5q8 = 1, m3q8m
−1
3 q1q6q7q8 = 1,
m4q1m
−1
4 q1q2 = 1, m4q2m
−1
4 q1 = 1, m4q3m
−1
4 q2q6q7q8 = 1,
m4q4m
−1
4 q1q2q6q7 = 1, m4q5m
−1
4 q1q2q7q8 = 1, m4q6m
−1
4 q5q6q8 = 1,
m4q7m
−1
4 q1q2q3q4q5q7 = 1, m4q8m
−1
4 q1q3q6q7 = 1.
(n) dimF [H
2(H1, F )] = 4 and there exists a unique central extension H of H1
of order |H | = 217·34·5 whose Sylow 2-subgroups are isomorphic to a Sylow
2-subgroup of D. H is a split extension of K by its Fitting subgroup Q,
and H is isomorphic to the finitely presented group H = 〈hi | ≤ i ≤ 14〉
with the following set R(H) of defining relations:
h21 = h
5
2 = h
3
3 = h
3
4 = h
2
5 = h
2
6 = h
2
7 = h
2
8 = h
2
9 = h
2
11 = h
2
12 = h
2
13 = h
2
14 = 1,
h210h
−1
14 = 1, [h1, h
−1
14 ] = [h2, h
−1
14 ] = [h3, h
−1
14 ] = [h4, h
−1
14 ] = [h5, h
−1
14 ] = 1,
[h6, h
−1
14 ] = [h7, h
−1
14 ] = [h8, h
−1
14 ] = [h9, h
−1
14 ] = [h10, h
−1
14 ] = [h11, h
−1
14 ] = 1,
[h12, h
−1
14 ] = [h13, h
−1
14 ] = h
−1
1 h13h1h
−1
13 h
−1
14 = 1,
[h2, h
−1
13 ] = [h3, h
−1
13 ] = [h4, h
−1
13 ] = [h5, h
−1
13 ] = [h6, h
−1
13 ] = [h7, h
−1
13 ] = 1,
[h8, h
−1
13 ] = [h9, h
−1
13 ] = [h10, h
−1
13 ] = [h11, h
−1
13 ] = [h12, h
−1
13 ] = [h3, h4] = 1,
h−13 h2h1h
−1
2 h3h1 = (h
−1
2 h1)
4 = h−13 h2h
−1
3 h1h2h3h1h
−1
2 = (h2h
−1
3 )
4 = 1,
[h4, h
−1
2 , h4] = h1h
−1
4 h1h
−1
4 h1h4h1h4 = h
−1
2 h
−1
3 h1h
−2
2 h3h4h1h
−1
4 = 1,
h2h
−1
3 h2h4h
2
2h
−1
3 h
−1
2 h3h4 = h1h5h
−1
1 h5h6h
−1
13 = h1h6h
−1
1 h6h
−1
14 = 1,
h1h7h
−1
1 h7h8h
−1
14 = h1h8h
−1
1 h8 = h1h9h
−1
1 h11h
−1
13 h
−1
14 = 1,
h1h10h
−1
1 h6h9h10h11h12h
−1
13 = h1h11h
−1
1 h9h
−1
13 = 1,
h1h12h
−1
1 h12h
−1
14 = h2h5h
−1
2 h5h6h7h
−1
14 = 1,
h2h6h
−1
2 h7h8h
−1
13 h
−1
14 = h2h7h
−1
2 h6h7h
−1
14 = h2h8h
−1
2 h5h6h7h8 = 1,
h2h9h
−1
2 h5h6h10h11h
−1
13 h
−1
14 = h2h10h
−1
2 h7h8h9h
−1
13 = 1,
h2h11h
−1
2 h5h12h
−1
14 = h2h12h
−1
2 h6h7h8h10h12 = 1,
h3h5h
−1
3 h6h
−1
14 = h3h6h
−1
3 h5h6h
−1
13 = h3h7h
−1
3 h5h8 = 1,
h3h8h
−1
3 h5h6h7h8 = h3h9h
−1
3 h5h9h10h
−1
14 = h3h10h
−1
3 h6h9 = 1,
h3h11h
−1
3 h9h12h
−1
14 = h3h12h
−1
3 h5h10h11h12h
−1
13 h
−1
14 = 1,
h4h5h
−1
4 h5h6h
−1
13 h
−1
14 = h4h6h
−1
4 h5h
−1
14 = 1,
h4h7h
−1
4 h6h10h11h12h
−1
14 = h4h8h
−1
4 h5h6h10h11h
−1
13 h
−1
14 = 1,
h4h9h
−1
4 h5h6h11h12h
−1
14 = h4h10h
−1
4 h9h10h12h
−1
13 h
−1
14 = 1,
h4h11h
−1
4 h5h6h7h8h9h11h
−1
13 = h4h12h
−1
4 h5h7h10h11h
−1
14 = 1,
[h5, h6] = [h5, h7] = [h5, h8] = [h5, h9] = h
−1
5 h
−1
10 h5h10h
−1
14 = 1,
h−15 h
−1
11 h5h11h
−1
14 = [h5, h12] = [h6, h7] = [h6, h8] = h
−1
6 h
−1
9 h6h9h
−1
14 = 1,
h−16 h
−1
10 h6h10h
−1
14 = h
−1
6 h
−1
11 h6h11h
−1
14 = [h6, h12] = [h7, h8] = [h7, h9] = 1,
h−17 h
−1
10 h7h10h
−1
14 = h
−1
7 h
−1
11 h7h11h
−1
14 = h
−1
7 h
−1
12 h7h12h
−1
14 = 1,
h−18 h
−1
9 h8h9h
−1
14 = [h8, h10] = h
−1
8 h
−1
11 h8h11h
−1
14 = [h8, h12] = [h9, h10] = 1,
[h9, h11] = [h9, h12] = h
−1
10 h
−1
11 h10h11h
−1
14 = [h10, h12] = [h11, h12] = 1.
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Proof. (a) By Table A.7 the split extension E2 = V2 ⋊M22 has a unique
conjugacy class of involutions of highest defect. It is represented by z = (iv1)
2 and
its centralizer D = CE2(z) has order 2
17 · 3 · 5.
(b) The presentation ofD given in the statement was obtained using the faithful
permutation representation of E2 with stabilizer M22 and the Magma command
FPGroupStrong(PD).
(c) Another application of Magma yields that the finitely presented group
given in (b) has a faithful permutation representation PD of degree 1024 with
stabilizer X = 〈y1, y4, y10〉.
(d) Using this permutation representation PD of D and the Magma command
NormalSubgroups(PD) it follows that D has a unique nonabelian normal subgroup
Q of order 210 with center Z(Q) = 〈z1, z2〉 of order 4. The words of z1, z2 in
the generators yi of D given in the statement have been obtained computationally
as well. Another application of Magma determined the generators of the stated
complement W = 〈w1, w2, w3〉 of Q in D.
(e) Since Q is a characteristic subgroup of D its center Z(Q) is normal in D.
Let α : D → D1 = D/Z(Q) be the canonical epimorphism with ker(α) = Z(Q).
Let V = α(Q) and let ui = α(yi) ∈ D1 for i = 1, 2, . . . , 11. Then W1 = α(W ) =
〈k1, k2, k3〉 is a complement of V , where kj = α(wj). Furthermore, D1 has a
faithful permutation representation PD1 of degree 256 with stabilizer W1. Another
application of Magma now yields that the V is elementary abelian and generated
by the eight elements ql given in the statement.
(f) This assertion has been verified computationally.
(g) The faithful permutation representation PD1 andMagma make it straight-
forward to see that the Fitting subgroup A = 〈a1, a2, a3, a4〉 of W1 is elementary
abelian of order 16, and that L = 〈k1, k2〉 is a complement of A in W1. Also
the generators ai of A and the isomorphism L ∼= S5 have been obtained by this
application of Magma.
(h) Another calculation withMagma in the permutation group PD1 shows that
S = 〈A, k1, r〉 is a Sylow 2-subgroup of W1 of order 27, where r = k2k1k3k22k1k2k3.
Furthermore, A is the unique maximal elementary abelian normal subgroup of S
and the involution u = k1(k3k2)
2k1k2 generates the center Z(S) of S. Its centralizer
CW1(u) = 〈S, d〉 has order 27 · 3, and d = (k1k2)2(k2k1)2 generates a cyclic Sylow
3-subgroup of CW1(u).
(i) In order to apply Algorithm 2.5 of [10] to construct a larger centralizer of u
we use the anti-isomorphism between PW1 and its image in GL8(2) induced by
the conjugate action of W1 on V . In particular, the matrix d with respect to the
basis B is Md = (Mk1Mk2)2(Mk2Mk1)2 and Mu = Mk2Mk1(Mk2Mk3)2Mk1.
Let MW1 be the subgroup of GL8(2) generated by the matrices Mk1, Mk2, and
Mk3 in GL8(2).
Another application of Magma in GL8(2) shows that
MX = CGL8(2)(Mu) ∩ CGL8(2)(Md)
has an abelian Sylow 3-subgroup MT of order 33 and |MX | = 212 · 33 · 5. Fur-
thermore, it follows that the matrix Mx of the statement belongs to the set of
all matrices My ∈ MX of order 3 such that |〈CMW1 (Mu),My〉| = 27 · 32. In
particular, Mu is the unique central involution of MC = 〈CMW1 (Mu),Mx〉 and
|MC| = 27 · 32.
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(j) This statement has been verified by means of the previous results and
Magma.
(k) Let MK be the subgroup of GL8(2) generated by the matrices m1 =Mk1,
m2 = Mk2, m3 = Mk3, and m4 = Mx. Taking a Sylow 3-subgroup of MK as
a stabilizer one obtains a faithful permutation representation PK of this matrix
group having degree 640. Then the presentation of the finitely generated group
K = 〈m1,m2,m3,m4〉 has been calculated by means of the Magma command
FPGroup(PK).
(l) All assertions of this statement follow easily from (j), (k), and Holt’s Algo-
rithm 7.4.5 of [11] implemented in Magma.
(m) The presentation of the split extension H1 = V ⋊K has been calculated
by means of Lemma 2.2 using the presentation of K given in (k).
(n) Part (e) states that D1 = D/Z(D) splits over V = Q/Z(D) with comple-
ment W1. By Algorithm 2.5 of [10] the desired centralizer H = CG(z) of z = z1
in the (at this time unknown) target simple group G has to have an odd index
|H : D| = |K : W |. Therefore Theorem 1.4.15 of [11] implies that H is a central
extension ofH1 by a central subgroup Z(H) = 〈z1, z2〉 having a normal complement
Q containing Z(H) such that V = Q/Z(H) has a complement isomorphic to K.
Since Z(H) = Z(D) = 〈z1, z2〉 is a Klein four group, the central extension H
has to be constructed in two steps.
Clearly, H1 = 〈m1,m2,m3,m4, v1, v2, v3, v4, v5, v6, v7, v8〉 has a faithful permu-
tation PH1 of degree 256 with stabilizer K. Let FPH1 be the presentation of H1
given in (m). Then we apply Holt’s Algorithm 7.4.5 of [11] implemented in Magma
[8] to the trivial matrix representation of H1 over F = GF(2). It yields that the
second cohomological dimension dimF [H
2(H1, F )] = 4. Thus the first central ex-
tensionH2 ofH1 by a central involution y ∈ Z(D) is one of the sixteen central exten-
sionsEa,b,c,d, 0 ≤ a, b, c, d ≤ 1. AsD does not split over Z(D) the groupH2 can only
be isomorphic to a non-split extension. Let nmodQ := GModule(PH_1, FEalg) be
the trivial module of the matrix algebra FEalg generated by the twelve identity ma-
trices corresponding to the twelve generators of H1. Using the Magma command
P_H :=ExtensionProcess(PH_1,nmodQ,FPH_1) we obtain a presentation for each
of the fifteen non-split central extensions Ea,b,c,d, where (a, b, c, d) 6= (0, 0, 0, 0).
Another application of Theorem 1.4.15 of [11] implies that H2 has a normal com-
plement Q2 containing Z2 = 〈y〉 such that Q1 = Q2/Z2. In particular, H2 has a
faithful permutation representation of degree 512, and its Sylow 2-subgroups are
isomorphic to the ones of D/Z2. Constructing the corresponding permutation rep-
resentations of the groups Ea,b,c,d it follows that only the three groups E0,1,0,0,
E1,0,0,0 and E1,1,0,0 have a faithful permutation representation of degree 512 whose
stabilizer is a subgroup isomorphic to L. As y ∈ {z1, z2, z3 = z1z2} another applica-
tion of Magma yields that only E1,0,0,0 has a Sylow 2-subgroup which is isomorphic
to those of exactly one factor group D/〈zk〉, where 1 ≤ k ≤ 3. In fact, this k = 1.
By construction the extension groupH2 = E1,0,0,0 has a complement and there-
fore a faithful permutation representation of degree 512. Its central involution is the
new generator. Applying Holt’s Algorithm 7.4.5 of [11] implemented in Magma [8]
again to the trivial matrix representation of H2 over F = GF(2) it follows that the
second cohomological dimension dimF [H
2(H1, F )] = 4. After constructing the cor-
responding suitable permutation representations of the fifteen non-split extension
groups Fa,b,c,d we see that only the three groups F0,0,1,0, F1,0,0,0, and F1,0,1,0 have
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a faithful permutation representation of degree 1024 whose stabilizer is a subgroup
isomorphic to K. Now the isomorphism check of Magma yields that only F1,0,1,0
has a Sylow 2-subgroup which is isomorphic to a Sylow 2-subgroup of D. Hence
H = CG(z) := F1,0,1,0. Its presentation is given in the statement. This completes
the proof. 
Lemma 3.4. Keep the notation of Lemma 2.4 and Proposition 3.3. Let H =
〈hi | 1 ≤ i ≤ 14〉 be the finitely presented group constructed in Proposition 3.3.
Then the following statements hold:
(a) H has a faithful permutation representation of degree 1024 with stabilizer
〈h1, h2, h3, h4〉.
(b) Each Sylow 2-subgroup S of H has a unique maximal elementary abelian
normal subgroup A of order 210 and NH(A) ∼= D = CE2(z).
(c) There is a Sylow 2-subgroup S such that D = NH(A) = 〈x, y〉, where
x =
(
h2h4h12h4(h2h4)
4
)
2,
y =
(
(h2h
2
4)
2h12h
2
4h2h1h
2
4h2h4h1h4h2
)
2(h2h
2
4h2)
3h24h12h
2
4h2h1h4h12h4
have orders 2 and 6, respectively. Furthermore, H = 〈x, y, h〉, where
h = h4 has order 3.
(d) The amalgam H ← D → E2 has Goldschmidt index 1.
(e) A system of representatives ri of the 115 conjugacy classes of H and the
corresponding centralizers orders |CH(ri)| are given in Table A.5.
(f) A system of representatives di of the 97 conjugacy classes of D and the
corresponding centralizers orders |CD(di)| are given in Table A.6.
(g) Let σ : NH(A) → D = CE2 be the isomorphism given in (b). Then there
is an element e ∈ E2 of order 3 such that E2 = 〈σ(D), e〉. A system of
representatives ei of the 43 conjugacy classes of E2 and the corresponding
centralizers orders |CE2(ei)| are given in Table A.7.
(h) The character tables of H, D, and E2 are given in Tables B.4, B.5,
and B.6, respectively.
Proof. (a) This assertion follows at once from Proposition 3.3(n).
In particular, H has a faithful permutation representation PH of degree 1024.
Using it and Magma it is straightforward to verify statements (b) and (c). The
words for the generators x and y of D in the generators hi of H have been found
by a stand alone program written by the first author.
(d) The Goldschmidt index has been calculated by means of Kratzer’s Algo-
rithm 7.1.10 of [11].
The systems of representatives of the conjugacy classes of H , D, and E2 have
been calculated by means of PH , Magma and Kratzer’s Algorithm 5.3.18 of [11].
(g) It has been checked with Magma that e = t satisfies E3 = 〈σ(D), e〉.
The character tables of (h) have been obtained by using PH and Magma. 
4. Construction of Conway’s simple group Co2
By Lemma 3.2 the amalgam H ← D → E3 constructed in Sections 2 and 3
satisfies the conditions of Step 5 of Algorithm 2.5 of [10]. Therefore we can apply
Algorithm 7.4.8 of [11] to give here a new existence proof for Conway’s sporadic
group Co2, see [5].
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The set of all faithful characters of the finite group U is denoted by fcharC(U),
and mfcharC(U) denotes the set of all multiplicity-free faithful characters of U .
Definition 4.1. Let U1, U2 be a pair of finite groups intersecting in D. Then
Σ = {(ν, ω) ∈ mfcharC(U1)×mfcharC(U2) | ν|D = ω|D}
is called the set of compatible pairs of multiplicity-free faithful characters of U1
and U2. For each (ν, ω) ∈ Σ the integer n = ν(1) = ω(1) is called the degree of the
compatible pair (ν, ω).
Theorem 4.2. Keep the notation of Lemma 3.2 and Proposition 3.1. Using the
notation of the three character tables B.1, B.2, and B.3 of the groups H, D, and
E3, respectively, the following statements hold:
(a) The smallest degree of a nontrivial pair
(χ, τ) ∈ mfcharC(H)×mfcharC(E3)
of compatible characters is 23.
(b) There is exactly one compatible pair (χ, τ) ∈ mfcharC(H)×mfcharC(E3)
of degree 23 of the groups H = 〈D,h〉 and E3 = 〈D, e〉: (χ2 +χ4, τ2+ τ6)
with common restriction τ|D = χ|D = ψ2 + ψ8 + ψ26, where irreducible
characters with boldface indices denote faithful irreducible characters.
(c) Let V and W be the uniquely determined (up to isomorphism) faithful
semisimple multiplicity-free 23-dimensional modules of H and E3 over
F = GF(13) corresponding to the compatible pair χ, τ , respectively. Let
κV : H → GL23(13) and κW : E3 → GL23(13) be the representations
of H and E3 afforded by the modules V and W, respectively. Let h =
κV(h), x = κV(x), y = κV(y) in κV(H) ≤ GL23(13). Then the following
assertions hold:
(1) V|D ∼= W|D, and there is a transformation matrix T ∈ GL23(13)
such that
x = T −1κW(x1)T , y = T −1κW(y1)T .
Let e = T −1κW(e)T ∈ GL23(13).
(2) In G3 = 〈h, x, y, e〉 the subgroup E3 = 〈x, y, e〉 is the stabilizer of a
1-dimensional subspace U of V such that the G3-orbit U
G has de-
gree 46575.
(3) The generating matrices of G3 are:
h =
0
BBBBBBBBBBBBBBBBBBBBBBBBB@
0 12 1 11 3 1 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 1 12 11 1 11 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 10 12 6 11 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 3 3 7 10 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 9 9 12 4 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 7 2 12 11 10 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 11 11 6 9 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 12 2 12 12 12 1 1 2 12 0 1 1 0 11 0
0 0 0 0 0 0 0 0 11 2 12 0 12 1 1 1 0 1 1 1 12 11 0
0 0 0 0 0 0 0 1 0 12 1 2 1 0 1 11 1 1 11 12 11 3 0
0 0 0 0 0 0 0 0 12 0 0 0 0 0 1 1 0 1 0 0 12 0 0
0 0 0 0 0 0 0 1 11 0 0 2 1 0 1 0 1 2 12 0 11 1 12
0 0 0 0 0 0 0 0 1 12 1 0 0 0 0 12 0 0 12 0 12 1 0
0 0 0 0 0 0 0 0 0 0 0 11 12 0 0 1 12 12 1 0 1 12 0
0 0 0 0 0 0 0 0 11 2 12 0 0 0 0 1 0 1 1 1 0 11 0
0 0 0 0 0 0 0 0 12 1 0 0 12 1 1 1 0 0 0 1 12 12 0
0 0 0 0 0 0 0 0 12 1 0 1 0 0 0 0 1 1 12 1 12 0 12
0 0 0 0 0 0 0 12 12 2 12 10 11 1 0 2 12 12 3 0 2 9 1
0 0 0 0 0 0 0 0 12 0 0 1 0 0 1 0 0 1 12 0 11 1 12
0 0 0 0 0 0 0 12 1 0 0 11 12 0 12 1 12 12 1 0 2 12 0
0 0 0 0 0 0 0 0 12 1 0 12 0 0 0 1 0 0 1 0 1 12 0
0 0 0 0 0 0 0 0 1 12 1 0 0 0 0 12 0 12 12 12 0 2 0
0 0 0 0 0 0 0 0 1 12 1 0 0 0 12 12 1 0 12 12 0 1 0
1
CCCCCCCCCCCCCCCCCCCCCCCCCA
,
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x =
0
BBBBBBBBBBBBBBBBBBBBBBBBB@
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 0 11 12 12 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 10 12 8 4 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 11 2 12 12 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 9 7 10 6 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 6 6 1 0 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 3 3 7 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 12 0 0 0 0 0 12 12 1 0 1 0 1
0 0 0 0 0 0 0 12 0 2 12 11 11 1 0 2 12 12 2 1 1 10 1
0 0 0 0 0 0 0 0 12 1 0 0 12 0 1 1 0 1 0 1 12 12 0
0 0 0 0 0 0 0 12 0 1 12 11 12 0 0 2 12 12 2 1 2 11 0
0 0 0 0 0 0 0 12 1 1 12 10 11 0 12 2 11 11 3 1 3 10 1
0 0 0 0 0 0 0 0 1 12 1 1 1 0 0 12 1 0 11 0 12 2 12
0 0 0 0 0 0 0 0 2 10 1 2 2 12 12 10 1 0 11 12 12 4 12
0 0 0 0 0 0 0 0 0 1 0 12 12 1 0 0 0 0 0 0 0 12 0
0 0 0 0 0 0 0 12 0 2 11 10 11 1 0 3 11 11 4 1 3 8 2
0 0 0 0 0 0 0 0 12 2 12 12 12 1 0 1 0 0 2 0 1 10 1
0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 12 1 0 0 12 12 0 0 1 12 12 1 0 1 0 0
0 0 0 0 0 0 0 0 12 0 0 2 1 0 0 12 1 1 12 0 12 1 12
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 12 0 0 1 0 0 1 0 0 1 0 0 12 0 0
0 0 0 0 0 0 0 0 12 0 0 1 1 0 0 0 1 1 0 0 0 0 0
1
CCCCCCCCCCCCCCCCCCCCCCCCCA
,
y =
0
BBBBBBBBBBBBBBBBBBBBBBBBB@
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 9 3 12 2 3 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 12 10 1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 10 4 11 9 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 7 7 12 6 11 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 9 7 10 0 12 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 10 10 6 10 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 12 0 1 1 0 0 12 1 1 12 12 12 1 0
0 0 0 0 0 0 0 1 0 12 1 2 2 0 0 11 2 1 11 12 11 3 12
0 0 0 0 0 0 0 1 1 11 1 2 2 12 0 11 1 0 11 12 12 4 0
0 0 0 0 0 0 0 1 12 1 0 0 0 0 0 0 0 1 0 0 0 12 0
0 0 0 0 0 0 0 0 12 2 12 12 12 1 0 1 0 0 2 0 1 10 1
0 0 0 0 0 0 0 0 1 0 0 12 0 0 0 0 12 12 0 0 1 0 0
0 0 0 0 0 0 0 12 12 2 11 10 11 0 0 3 11 12 4 1 3 8 1
0 0 0 0 0 0 0 1 2 9 3 4 3 12 12 8 3 1 8 11 10 7 11
0 0 0 0 0 0 0 0 0 1 12 11 12 1 0 1 12 12 2 0 1 11 1
0 0 0 0 0 0 0 1 0 11 1 3 2 0 0 10 2 1 10 12 10 4 12
0 0 0 0 0 0 0 0 0 12 1 1 1 12 0 12 1 1 12 0 12 2 12
0 0 0 0 0 0 0 1 11 1 0 1 0 0 1 0 1 2 12 0 11 0 12
0 0 0 0 0 0 0 0 0 12 0 1 1 12 12 12 1 1 12 0 0 1 12
0 0 0 0 0 0 0 0 1 11 1 1 1 12 12 11 1 0 12 12 0 2 0
0 0 0 0 0 0 0 0 0 12 0 0 0 12 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
1
CCCCCCCCCCCCCCCCCCCCCCCCCA
, and
e =
0
BBBBBBBBBBBBBBBBBBBBBBBBB@
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 6 5 5 9 4 1 11 12 10 8 4 6 9 7 5 2 5 3 9 0 9 9
0 1 9 11 5 1 5 10 9 5 12 3 6 10 4 10 3 1 11 7 0 1 7
0 8 9 4 0 11 12 2 9 2 2 0 11 5 1 0 3 3 8 12 8 9 12
0 2 9 10 8 8 6 10 3 3 0 4 7 3 10 3 10 7 3 0 6 4 0
0 10 3 7 9 3 7 10 5 8 1 11 1 3 3 1 4 0 8 6 12 6 6
0 5 8 10 11 8 10 8 5 5 0 11 3 5 8 5 8 3 5 0 10 11 0
0 11 12 4 12 1 1 7 0 6 0 0 0 6 6 6 0 0 0 0 7 0 0
0 0 0 0 7 7 0 0 0 6 7 6 6 6 7 7 6 0 0 0 0 0 0
0 9 8 8 8 10 1 0 0 12 7 0 0 6 0 6 0 7 6 6 6 1 6
0 6 6 1 6 2 11 7 0 5 8 2 1 12 6 11 2 8 4 6 11 3 5
0 6 6 1 7 2 0 0 6 6 7 1 7 6 6 6 1 1 6 0 6 7 12
0 6 6 1 6 2 11 6 0 7 6 12 12 0 7 1 12 6 7 7 0 12 7
0 8 7 10 8 1 12 6 6 2 5 11 5 1 0 2 12 12 9 1 2 3 1
0 11 12 4 5 8 12 0 7 12 7 7 1 6 0 6 7 7 12 6 0 8 6
0 0 0 0 7 6 2 6 6 7 6 6 12 0 7 1 6 6 1 7 7 5 7
0 5 6 3 5 12 1 6 7 0 6 12 6 0 0 1 12 12 8 0 2 5 1
0 2 1 9 8 6 12 7 1 12 7 7 7 0 0 12 7 0 12 12 6 2 0
0 6 6 1 0 9 11 7 0 12 1 8 7 6 0 5 7 7 5 6 12 2 6
0 0 0 0 6 7 11 7 7 6 6 7 1 0 6 12 7 6 0 6 7 7 7
0 0 0 0 0 0 0 0 1 12 0 0 1 0 12 12 1 0 0 12 1 1 0
0 9 8 8 8 10 1 0 0 0 6 0 0 7 0 6 0 6 7 6 7 0 7
0 7 7 12 6 11 0 0 6 7 6 0 6 7 7 7 0 0 7 0 6 6 0
1
CCCCCCCCCCCCCCCCCCCCCCCCCA
.
(4) G3 = 〈h, x, y, e〉, and G3 has 60 conjugacy classes gG3i with represen-
tatives gi and centralizer orders |CG3(gi)| as given in Table A.4.
(5) The character table of G3 coincides with that of Co2 in the Atlas [6,
pp. 154–155].
(d) G3 is a finite simple group with 2-central involution κV(z) = (xyh)
15 such
that CG3(κV(z)) = κV(H), and |G3| = 218 · 36 · 7 · 11 · 13.
Proof. (a) The character tables of the groups H , D, and E3 are stated in
the Appendices. In the following we use their notations. Using Magma and the
character tables of H , D, and E3 and the fusion of the classes of D(H) in H
and D(E3) in E3 an application of Kratzer’s Algorithm 7.3.10 of [11] yields the
compatible pair stated in assertion (a).
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(b) Kratzer’s Algorithm also shows that the pair (χ, τ) of (b) is the unique
compatible pair of degree 23 with respect to the fusion of the D-classes into the H-
and E3-classes.
(c) In order to construct the semisimple faithful representationV corresponding
to the character χ = χ2 + χ4 we determine the irreducible constituents of the
faithful permutation representation (1T )
H of H with stabilizer T = 〈h1, h4〉 given
in Lemma 3.2. Calculating inner products with the irreducible characters of H it
follows (1T )
H has five irreducible constituents of degrees 1, 16, 120, 135, and 240.
By the character table ofH we know that χ4 is the only irreducible character ofH of
degree 16. Constructing the permutation matrices of the three generators h, x, and
y ofH over the fieldK = GF(13) and applying the Meataxe Algorithm implemented
in Magma we obtain the matrices Jx, Jy, Jh ∈ GL16(13) of the generators of H in
the 16-dimensional representation V1. Furthermore, it has been checked that V1
restricted to D(H) = 〈x, y〉 is irreducible.
In order to find the irreducible module V2 corresponding to the character χ2
of degree 7 we applied Theorem 2.5.4 of [11] by calculating the 4th exterior power∧4
V1 of dimension 1820 over K = GF(13) and decomposing it into irreducible
composition factors. It follows that it has three composition factors Wj , 1 ≤ j ≤ 3,
of dimensions 35, 840, and 945. Let W1 be the one of dimension 35. Its second
exterior power
∧2
W1 of dimension 595 splits into four irreducible constituents Xk,
1 ≤ k ≤ 4, of dimensions 7, 21, 189, and 378. H has exactly one irreducible
character of dimension 7 by Table B.1. Hence V2 = X1. Choosing a basis in this
KH-module the generators of H are represented by the following matrices:
Nx =
0
BBB@
5 8 8 5 9 11 8
9 6 11 1 6 3 1
10 3 2 11 10 7 12
3 8 10 0 10 12 9
11 11 6 5 3 7 11
0 6 6 1 0 8 2
0 3 3 7 0 11 0
1
CCCA , Ny =
0
BBB@
4 10 4 1 10 8 5
8 1 7 6 1 8 12
10 4 5 11 12 4 1
5 5 0 4 10 11 0
12 8 0 3 11 12 0
12 10 0 1 5 0 0
6 4 0 8 6 6 12
1
CCCA , and Nh =
0
BBB@
12 10 11 8 5 9 3
4 0 11 1 11 4 5
0 3 6 5 6 9 2
7 5 4 10 0 3 6
1 4 0 11 11 0 0
1 3 12 2 2 12 2
7 2 0 12 12 7 1
1
CCCA .
UsingMagma and the Meataxe Algorithm again we see that the restriction ofV2 to
DH = 〈x, y〉 splits into two irreducible KDH-modules V21 and V22 of dimensions 1
and 6 having respective bases B1 and B2. Hence their union B is a basis of V2.
Let T1 ∈ GL7(13) be the matrix of the base change from the canonical basis to the
basis B of V2. Then Lx = T1Nx(T1)−1, Ly = T1Ny(T1)−1 and Lh = T1Nh(T1)−1
represent the three generators x, y, h of H with respect to the basis B of V2. It
follows that the blocked diagonal 7×7 matrices Lx and Ly are the 7×7 matrices in
the upper left corner of the matrices x and y given in the statement. Furthermore,
the matrix Lh of h ∈ H is the corresponding 7 × 7 block of the matrix h in the
statement.
Let x, y and h be the diagonal joins of the matrices Lx and Jx, Ly and Jy
and Lh and Jh in GL23(13), respectively. Then these three 23 × 23 matrices are
given in the statement. Clearly, they satisfy the equations x = κV(x), y = κV(y)
and h = κV(h) where κV : H → GL23(13) denotes the semisimple representation
of H = 〈x, y, h〉 afforded by V.
Now we construct the faithful representation W of E3 corresponding to the
character τ = τ2+τ6. By the character table of E3 we know that τ2 is the only non-
trivial linear character of E. Its corresponding representation W1 : E3 → GL1(K)
is given by W1(x1) = W1(y1) = 12 and W1(e1) = 1. In order to find the irre-
ducible representation W2 of τ6 we determine the irreducible constituents of the
faithful permutation representation (1T1)
E3 of E3 of degree 1024 with stabilizer A22
constructed in Lemma 2.5. An application of Magma shows that it has four irre-
ducible constituents of degrees 1, 22, 231, and 770. Using the Meataxe Algorithm
30 HYUN KYU KIM AND GERHARD O. MICHLER
implemented in Magma the matrices Jx1, Jy1, Je1 ∈ GL22(13) of the generators of
E3 in the 22-dimensional irreducible constituent X of (1T1)
E over K = GF(13) and
their traces have been determined. Now it follows from the character table of E3
that τ6 is the character of the tensor product X⊗W1. Another application of the
Meataxe Algorithm andMagma implies that the restriction ofW2 toDE = 〈x1, y1〉
splits into two irreducible KDE-modules W21 and W22 having respective bases B1
and B2 such that the generators x1 and y1 of D have the following matrices with
respect to B1 and B2, respectively:
W21(x1) =
0
BB@
12 1 1 0 0 0
0 1 0 0 12 1
12 0 0 0 0 0
0 0 12 0 0 0
1 0 0 1 0 12
0 0 0 1 1 12
1
CCA and W21(y1) =
0
BB@
12 0 1 12 0 0
12 0 0 12 0 1
0 0 1 0 1 12
0 0 0 1 1 12
12 1 0 12 12 1
0 0 0 0 0 12
1
CCA ;
W22(x1) =
0
BBBBBBBBBBBBBBB@
1 12 0 0 0 0 1 12 0 12 12 1 1 1 12 12
2 0 1 0 1 12 1 11 12 12 12 0 1 12 1 12
3 12 2 1 1 12 0 11 11 12 0 12 1 12 2 11
3 11 2 2 2 12 0 10 12 12 1 11 0 0 2 10
0 0 0 0 0 12 0 1 12 0 1 0 12 12 1 0
12 1 0 12 12 0 1 0 1 0 11 1 1 1 12 1
0 12 0 1 0 0 0 12 0 0 1 12 0 1 0 12
2 0 1 1 1 12 12 12 11 0 1 11 0 12 2 12
1 11 0 1 1 1 1 12 0 12 0 1 1 1 12 11
2 10 1 2 1 0 0 11 12 12 2 12 1 1 0 10
2 11 1 1 1 0 1 11 12 12 0 0 1 0 0 11
3 12 2 0 1 12 1 11 12 12 12 0 1 12 1 11
2 10 1 3 2 0 12 11 11 0 3 11 0 0 1 10
1 0 0 0 0 12 0 0 12 0 0 0 0 12 1 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 11 0 1 0 0 0 0 0 0 1 0 12 1 0 12
1
CCCCCCCCCCCCCCCA
and W22(y1) =
0
BBBBBBBBBBBBBBB@
3 10 2 3 2 12 0 10 11 12 2 11 0 0 2 10
2 11 2 2 1 12 0 11 12 12 2 11 12 0 2 11
11 1 12 0 12 0 12 1 0 1 1 0 12 0 0 1
2 11 1 2 1 0 12 11 12 0 2 11 0 0 1 11
12 0 0 0 0 0 0 0 0 0 0 1 0 0 12 0
0 2 0 12 0 0 0 0 0 0 12 0 0 12 1 1
2 0 2 0 1 12 0 11 12 0 0 11 0 12 2 12
12 0 0 1 0 0 12 0 12 1 2 12 12 0 0 0
12 11 12 2 0 1 0 0 1 0 1 0 0 2 12 12
1 0 1 1 1 12 12 12 12 1 1 11 12 12 2 12
2 11 2 2 1 12 0 11 12 12 1 11 0 0 2 11
1 12 1 2 1 12 12 12 12 0 2 11 12 12 2 12
1 11 1 2 1 0 12 12 12 0 2 11 0 0 1 11
0 0 1 0 0 12 0 0 12 0 1 0 12 12 1 0
12 1 0 0 0 0 12 1 0 1 1 12 12 12 1 1
2 11 1 1 1 0 0 11 12 12 0 0 2 0 0 11
1
CCCCCCCCCCCCCCCA
.
Let B = B1 ∪B2. Then B is a basis of the irreducible KE3-module W2, and with
respect to B the third generator e1 of E3 has the matrix:
W2(e1) =
0
BBBBBBBBBBBBBBBBBBBBBBB@
7 0 6 0 0 0 7 6 7 7 7 0 6 6 6 0 7 6 0 0 7 6
6 7 0 6 6 1 7 0 7 6 0 0 0 6 0 0 6 0 7 0 0 0
7 6 0 7 7 12 6 6 0 7 0 0 0 0 0 0 7 0 6 7 0 0
6 0 7 0 0 0 12 6 6 1 0 0 6 7 0 7 8 6 12 7 0 0
7 0 6 0 0 0 0 0 0 0 0 0 6 0 0 7 7 6 0 0 0 0
7 0 6 0 0 0 12 6 6 1 0 0 6 7 0 7 8 6 12 7 0 0
6 0 7 0 1 0 11 9 6 11 12 0 7 8 1 7 5 8 0 6 12 2
7 6 0 7 7 0 7 12 7 7 1 0 1 6 0 12 7 0 7 0 0 12
7 0 7 0 0 0 7 11 0 8 7 1 7 12 7 12 7 7 1 8 5 5
7 0 7 0 0 0 8 0 2 7 7 12 6 12 5 0 7 5 0 5 8 6
7 6 0 7 7 0 5 0 5 6 12 1 1 7 2 0 5 2 7 2 11 0
7 12 6 0 0 0 12 0 12 0 0 1 6 1 0 7 7 7 0 0 12 1
6 0 7 0 1 0 1 12 1 1 1 0 6 12 12 6 8 5 0 12 1 12
7 0 7 0 0 0 5 7 6 6 6 1 7 7 8 0 6 7 0 1 5 7
6 7 1 6 7 0 12 1 6 12 5 0 0 8 7 7 6 1 6 7 6 8
6 7 1 6 7 0 5 7 12 6 12 1 0 1 1 0 6 1 7 7 12 1
6 0 7 0 1 0 0 0 0 0 0 0 7 0 0 6 7 7 0 0 0 0
7 0 7 0 0 0 6 7 6 6 6 0 7 7 7 0 6 8 0 0 6 7
6 7 1 6 7 0 7 0 7 7 0 0 0 6 0 0 7 12 6 0 1 0
7 6 0 7 7 0 7 6 0 7 1 0 1 12 1 12 6 0 7 7 0 12
7 0 7 0 0 0 0 7 6 0 0 0 6 7 0 7 7 6 12 6 1 1
6 0 7 0 1 0 1 1 1 0 0 12 6 12 12 7 6 6 0 12 1 0
1
CCCCCCCCCCCCCCCCCCCCCCCA
.
By construction, the KD-modules V|D and W|D described by the two pairs
(V(x),V(y)) and (W(x1),W(y1)) of matrices in GL23(13) are isomorphic. Let
Y = GL23(13). Applying then Parker’s isomorphism test of Proposition 6.1.6 of [11]
by means of the Magma command
IsIsomorphic(GModule(sub<Y|V(x),V(y)>),GModule(sub<Y|W(x1),W(y1)>))
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we obtain the transformation matrix:
T =
0
BBBBBBBBBBBBBBBBBBBBBBBBB@
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 11 1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 11 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 4 2 5 3 12 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 3 1 7 2 3 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 9 10 2 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 11 0 0 1 0 0 1 1 0 2 12 0 12 0 12
0 0 0 0 0 0 0 0 0 11 0 3 2 0 0 11 2 2 11 12 11 3 12
0 0 0 0 0 0 0 12 12 3 11 11 11 1 1 3 12 0 3 1 2 9 1
0 0 0 0 0 0 0 1 4 7 4 4 3 12 12 7 3 1 7 10 10 10 11
0 0 0 0 0 0 0 0 0 2 11 12 0 0 0 2 11 0 2 1 2 10 1
0 0 0 0 0 0 0 0 11 2 12 12 11 1 1 2 0 1 2 1 0 9 0
0 0 0 0 0 0 0 11 1 1 12 10 10 1 12 3 11 11 3 1 3 9 1
0 0 0 0 0 0 0 0 0 1 12 0 12 1 1 1 12 0 0 1 0 12 1
0 0 0 0 0 0 0 1 11 0 1 2 1 0 2 0 1 2 11 12 10 3 12
0 0 0 0 0 0 0 12 12 2 12 10 10 0 0 4 11 0 3 1 2 9 1
0 0 0 0 0 0 0 12 11 1 12 1 0 0 1 2 0 1 1 0 0 12 0
0 0 0 0 0 0 0 0 0 12 1 2 1 12 1 12 1 2 11 12 11 3 12
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 12 0 1 1
0 0 0 0 0 0 0 12 12 2 10 12 12 0 0 2 11 0 3 1 2 9 1
0 0 0 0 0 0 0 0 12 1 0 1 12 0 1 0 0 1 0 0 11 0 0
0 0 0 0 0 0 0 0 1 12 1 1 1 12 12 12 0 0 12 12 1 2 12
1
CCCCCCCCCCCCCCCCCCCCCCCCCA
satisfying V(x) = (W(x1))
T and V(y) = (W(y1))
T .
Let e = (W(e1))
T . Then E3 = 〈x, y, e〉 ∼= E. Let G3 = 〈h, x, y, e〉. Us-
ing the Magma command CosetAction(G, E) we obtain a faithful permutation
representation of G3 of degree 46575 with stabilizer E3. In particular |G3| =
218 · 36 · 53 · 7 · 11 · 23. Using the faithful permutation representation of G3 of
degree 46575 and Kratzer’s Algorithm 5.3.18 of [11] we calculated the representa-
tives of all the conjugacy classes of G3, see Table A.4. Furthermore, the character
table of G3 has been calculated by means of the above permutation representation
and Magma. It coincides with the one of Co2 in [6, pp. 154–155].
(d) Let z = (xyh)15. Then CG2(z) contains H = 〈h, x, y〉 which is isomorphic
to H . By the table of (c)(4) |CG(z)| = |H |. Hence CG3 = (z) ∼= H. The character
table of G3 implies that G3 is a simple group. This completes the proof. 
Praeger and Soicher give in [12] a nice presentation for Conway’s simple group
Co2 which is given in the statement of the following corollary.
Corollary 4.3. Keep the notation of Theorem 4.2. The finite simple group G3 is
isomorphic to the finitely presented group G = 〈a, b, c, d, e, f, g〉 with set R(G) of
defining relations:
a2 = b2 = c2 = d2 = e2 = f2 = g2 = 1,
(ab)3 = (bc)5 = (cd)3 = (df)3 = (fe)6 = (ae)4 = 1,
(ec)3 = (cf)4 = (fg)4 = (gb)4 = 1,
(ac)2 = (ad)2 = (af)2 = (ag)2 = (bd)2 = (be)2 = 1,
(bf)2 = (cg)2 = (dg)2 = (eg)2 = 1,
a = (cf)2, e = (bg)2, b = (ef)3,
(aecd)4 = (baefg)3 = (cef)7 = 1.
Proof. Using the Magma command FPGroupStrong(PG) and the faithful
permutation representation of degree 46575 of the simple group G3 given in Theo-
rem 4.2(c), we obtained a finite presentation of G with sixteen generators and too
many relations to be stated in this article. Therefore we gave in the statement
the presentation of [12, p. 106]. Using its subgroup Q = 〈a, b, c, d, e, g, (gfdc)4〉
as a stabilizer we obtained a permutation representation for their group G =
〈a, b, c, d, e, f, g〉 of degree 46575. An isomorphism test using Magma then showed
that G3 ∼= G. 
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5. Construction of Fischer’s simple group Fi22
By Lemma 3.4 the amalgam H ← D → E2 constructed in Sections 2 and 3
satisfies the main conditions of Step 5 of Algorithm 2.5 of [10]. Therefore we
can apply Algorithm 7.4.8 of [11] to give here a new existence proof for Fischer’s
sporadic group Fi22, see [7].
Theorem 5.1. Keep the notation of Lemma 3.4 and Proposition 3.3. Using the
notation of the three character tables B.4, B.5, and B.6 of the groups H, D, and
E2, respectively, the following statements hold:
(a) The smallest degree of a nontrivial pair of compatible characters (χ, τ) in
mfcharC(H)×mfcharC(E2) is 78.
(b) There is exactly one compatible pair (χ, τ) ∈ mfcharC(H)×mfcharC(E2)
of degree 78 of the groups H = 〈D,h〉 and E2 = 〈D, e〉, namely:
(χ4 + χ20 + χ17, τ1 + τ6)
with common restriction τ|D = χ|D = ψ1+ψ8+ψ41+ψ33, where irreducible
characters with boldface indices denote faithful irreducible characters.
(c) Let V and W be the uniquely determined (up to isomorphism) faithful
semisimple multiplicity-free 78-dimensional modules of H and E2 over
F = GF(13) corresponding to χ and τ , respectively, where (χ, τ) is the
compatible pair. Let κV : H → GL78(13) and κW : E2 → GL78(13)
be the representations of H and E2 afforded by the modules V and W,
respectively. Let h = κV(h), x = κV(x), y = κV(y) in κV(H) ≤ GL78(13).
Then the following assertions hold:
(1) V|D ∼= W|D, and there is a transformation matrix T ∈ GL23(13)
such that
x = T −1κW(x1)T and y = T −1κW(y1)T .
Let e = T −1κW(e)T ∈ GL78(13).
(2) In G2 = 〈h, x, y, e〉 the subgroup E = 〈x, y, e〉 is the stabilizer of a
1-dimensional subspace U of V such that the G2-orbit U
G2 has de-
gree 142155.
(3) The four generating matrices of G2 are stated in Appendix C.
(4) G2 = 〈h, x, y, e〉, and G2 has 65 conjugacy classes gG2i with represen-
tatives gi and centralizer orders |CG2(gi)| as given in Table A.8.
(5) The character table of G2 coincides with that of Fi22 in the Atlas [6,
pp. 156–157].
(d) G2 is a finite simple group with 2-central involution κV(z) = (xyxh)
10 such
that CG2(κV(z)) = κV(H), and |G2| = 217 · 39 · 52 · 7 · 11 · 13.
Proof. (a) The character tables of the groups H , D, and E2 are stated in
the Appendix; we will follow the notation used there. Using the character tables
of H , D, and E2 and the fusion of the classes of D(H) in H and D(E2) in E2 an
application of Kratzer’s Algorithm 7.3.10 of [11] yields the compatible pair stated
in assertion (a).
(b) Kratzer’s Algorithm also shows that the pair (χ, τ) of (b) is the unique
compatible pair of degree 78 with respect to the fusion of the D-classes into the H-
and E2-classes.
(c) In order to construct the semisimple faithful representationV corresponding
to the character χ = χ4+χ20+χ17 we determine the irreducible constituents of the
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faithful permutation representation (1T )
H of H with stabilizer T = 〈h1, h2, h3, h4〉
given in Lemma 3.4. Calculating inner products with the irreducible characters ofH
it follows (1T )
H has seven irreducible constituents of degrees 1, 32, 40, 120, 135, 216,
and 480. By the character table of H we know that χ17 is the irreducible character
of H of degree 32 occurring in the permutation character (1T )
H . Constructing the
permutation matrices of the three generators h, x, and y of H over the field K =
GF(13) and applying the Meataxe Algorithm implemented in Magma we obtain
the matrices X2,Y2,H2 ∈ GL32(13) of the generators of H in the 32-dimensional
representation V1. These three matrices are given in Appendix C. Furthermore, it
has been checked that V1 restricted to D(H) = 〈x, y〉 is irreducible.
In order to find the irreducible modules V2 and V3 corresponding to the char-
acters χ4 of degree 6 and χ20 of degree 40 we applied Theorem 2.5.4 of [11] to
the faithful character χ17. It follows that both missing representations are con-
stituents of the 6th tensor power of V1. A character calculation shows that the
irreducible representations V2 corresponding to χ20 and V3 corresponding to χ4
can be constructed by the Meataxe decompositions of the representations of the
tensor products belonging to the following character products: the 135-dimensional
irreducible character χ42 occurs in χ
2
17
. Their tensor product χ42 ⊗ χ17 contains
the 640-dimensional character χ80, and χ59 of degree 270 is an irreducible con-
stituent of χ80 ⊗ χ17. Their tensor product χ59 ⊗ χ17 has the 192-dimensional
constituent χ47. The desired character χ4 of degree 6 is then an irreducible com-
position factor of χ47 ⊗ χ17.
The faithful 480-dimensional irreducible character χ74 occurs in χ
3
17
. The
tensor product χ74 ⊗ χ17 contains the 135-dimensional character χ41, and χ45 of
degree 160 is an irreducible constituent of χ41⊗χ17. The tensor product χ45⊗χ17
has the desired character χ20 of degree 40 as an irreducible composition factor.
An application of the Meataxe Algorithm implemented in Magma produces
then the six matrices of the three generators of H with respect to fixed bases in
V2 and V3. Their 46-dimensional diagonal joins H1, X1, and Y1 are given in
Appendix C.
Now we construct the faithful representation W of E2 corresponding to the
character τ = τ1+τ6. Clearly τ1 corresponds to the trivial representationW1 of E2.
By means of the character table of E2 we see that the irreducible representationW2
of τ6 occurs as an irreducible constituent of the faithful permutation representation
(1T1)
E2 of E2 of degree 1024 with stabilizer M22 constructed in Lemma 2.4. Using
the Meataxe Algorithm implemented in Magma the 77-dimensional irreducible
constituent W2 of (1T1)
E over K = GF(13) has been determined. Its restriction
(W2)|D toD = 〈x1, y1〉 decomposes into three irreducible constituents of dimensions
5, 40, and 32. Taking a basis B1 of the 1-dimensional restriction (W1)|D to D and
bases B2, B3, and B4 in the three irreducible constituents of (W2)|D we obtain
the two matrices W(x1) and W(y1) of the generators x1 and y1 of D = DE2 in
GL78(13). Let B = B1 ∪B2 ∪B3 ∪B4. Then B is a basis of the semisimple KE2-
module W. Let W(e1) be the matrix of the third generator e1 of E2 with respect
to B. The two KD-modules V|D and W|D described by the pairs (V(x),V(y))
and (W(x1),W(y1)) of matrices in GL78(13) are isomorphic by construction. Let
Y = GL78(13). Applying then Parker’s isomorphism test of Proposition 6.1.6 of [11]
by means of the Magma command
IsIsomorphic(GModule(sub<Y|V(x),V(y)>),GModule(sub<Y|W(x1),W(y1)>))
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we obtain the transformation matrix T satisfying V(x) = (W(x1))T and V(y) =
(W(y1))
T . In view of its size this transformation matrix is decomposed into four
block matrices A ∈ Mat38,38, B ∈ Mat38,40, C ∈ Mat40,38 and, D ∈ Mat40,40 such
that:
T =

 A B
C D


has the following four blocks:
Matrix A :
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 11 2 9 10 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 6 12 3 3 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 11 10 5 12 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 11 7 12 6 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 11 5 9 10 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . 2 9 2 5 2 3 5 6 4 12 7 7 6 2 8 8 10 4 11 9 1 6 9 6 1 12 . . 10 8 8 1
. . . . . . . 8 7 . 5 7 8 3 3 9 5 11 9 1 . 12 8 1 1 . . 11 3 7 6 1 3 12 8 12 2 8
. . . . . . . 5 4 11 7 8 1 3 10 1 11 2 2 3 4 8 10 4 8 7 8 9 4 7 3 5 5 11 8 7 10 8
. . . . . . 3 3 8 3 9 . 1 9 1 2 9 3 3 5 6 11 3 6 7 10 5 6 10 5 10 2 6 12 3 3 7 3
. . . . . . . . . 4 3 9 3 3 9 9 7 6 3 10 6 11 12 8 6 5 2 7 . 10 8 . 7 . 2 11 8 11
. . . . . . . . 3 10 7 6 4 8 5 3 12 6 5 6 1 9 2 . 12 . 7 2 3 . 1 4 5 . 9 8 7 6
. . . . . . 12 11 7 4 10 11 . 12 1 11 1 3 9 6 11 6 2 9 3 12 5 5 8 3 3 1 1 6 12 3 . 10
. . . . . . . 8 7 . 3 10 3 5 7 8 5 4 3 . 2 10 7 9 2 6 5 1 7 5 3 8 12 9 5 12 2 .
. . . . . . 12 6 3 10 12 4 11 12 9 12 . 12 12 1 2 9 7 10 12 6 12 1 12 3 1 11 4 7 . 2 5 7
. . . . . . 12 6 2 7 7 7 2 9 5 4 3 12 4 9 . 2 1 10 1 12 6 8 11 10 5 5 7 1 4 12 2 4
. . . . . . . 5 5 5 11 7 1 12 . 4 8 5 4 9 7 4 1 5 2 5 9 8 3 1 1 8 3 . 12 . 12 8
. . . . . . . 8 5 11 2 1 11 3 3 5 4 9 3 11 8 8 11 12 9 5 10 6 11 10 . 7 11 . 7 8 9 4
. . . . . . 12 3 12 9 8 10 11 11 3 8 . . . 6 7 10 5 7 6 11 2 5 9 9 . 1 10 8 3 10 9 10
. . . . . . . 8 7 4 2 4 7 3 8 4 3 2 4 6 4 3 4 7 . 6 5 2 11 10 10 . . 8 2 3 2 .
. . . . . . 1 7 1 12 7 1 1 8 10 . 8 3 . 5 6 6 6 2 1 10 7 6 11 4 8 5 12 11 3 4 1 .
. . . . . . . 5 8 2 4 5 2 5 12 2 5 10 10 9 1 5 1 3 3 12 9 3 9 6 . 2 6 4 9 10 9 9
. . . . . . 1 2 5 2 12 11 3 5 7 6 11 2 9 7 . 8 6 10 8 6 7 3 12 6 2 3 . 4 5 5 10 9
. . . . . . 2 9 . 7 7 9 5 6 3 5 9 . 3 2 11 . 12 8 12 11 12 5 8 9 8 . 6 12 8 . 2 4
. . . . . . 12 6 5 8 4 3 10 3 4 5 2 7 6 1 6 4 5 3 . 11 11 4 7 8 7 9 10 10 3 5 9 5
. . . . . . . 8 9 2 10 12 8 2 . 5 2 11 3 12 12 10 3 12 5 4 6 12 1 5 7 6 10 10 9 . 4 9
. . . . . . 1 7 8 5 8 1 9 . 10 2 3 11 1 5 12 3 6 9 12 3 12 11 9 11 6 10 9 1 5 . 4 12
. . . . . . . . . . 6 3 9 4 5 10 7 5 6 11 10 5 11 3 10 4 8 11 10 11 9 2 10 1 9 12 8 5
. . . . . . 1 7 11 2 . 8 9 5 10 4 6 11 1 11 5 12 9 4 2 12 9 10 . 4 9 . 6 5 6 8 5 8
. . . . . . . 8 4 3 1 6 1 . 7 10 . 4 3 3 5 8 3 1 . 3 3 12 11 1 8 9 10 5 5 11 7 6
. . . . . . 1 12 3 7 11 5 7 8 8 5 9 8 2 4 9 . 2 5 4 4 7 10 9 2 9 5 8 6 6 9 4 3
. . . . . . 11 4 5 1 11 12 3 6 5 1 4 8 12 2 3 8 5 8 1 12 5 4 5 9 7 8 6 4 8 11 10 5
. . . . . . 12 6 8 1 4 9 6 7 . 3 9 1 10 9 7 11 12 1 7 6 3 7 1 3 12 1 11 5 2 1 4 3
. . . . . . 1 12 6 9 6 8 8 2 4 3 7 4 1 3 10 1 12 11 11 5 5 9 . 4 5 8 3 10 7 . 9 .
. . . . . . . . . . 4 2 12 5 8 . 9 8 5 5 11 11 7 7 5 5 10 7 4 5 12 10 1 7 3 2 6 .
. . . . . . . . 10 3 11 9 8 12 11 8 3 8 2 1 3 10 9 2 1 1 6 2 8 4 1 10 3 2 . 9 6 5
. . . . . . . . . . 4 12 6 5 12 12 4 5 8 4 6 2 5 6 9 2 11 4 2 9 1 5 7 4 1 12 9 12
. . . . . . 1 2 . 7 5 11 7 4 12 5 7 7 6 6 12 10 3 6 . 9 2 . 11 10 7 10 6 7 3 7 11 .
Matrix B:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 12 6 8 2 5 4 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 11 4 6 1 8 8 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12 4 4 6 7 11 3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 3 6 6 9 4 6 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 11 3 6 11 5 12 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 1 10 12 10 10 12 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 4 4 1 3 2 2 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 8 8 4 11 7 12 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 3 8 1 8 10 6 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 8 10 10 11 9 6 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 4 7 5 7 9 5 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11 1 10 1 1 . 2 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 12 . 8 9 1 4 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 12 4 6 6 12 1 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 3 10 3 6 8 3 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12 1 11 3 2 1 . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 5 2 8 5 8 2 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 1 . 10 1 3 3 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 7 9 11 1 7 1 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 4 2 1 3 7 3 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 . 6 9 11 7 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 8 8 6 3 1 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 9 3 8 7 3 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 3 10 11 7 5 2 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 10 4 1 1 4 7 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 1 1 8 5 2 6 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 10 11 3 9 9 5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 6 8 7 4 11 4 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10 5 9 7 7 . 8 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 2 11 2 12 12 8 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 10 . 8 2 7 4 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 . 3 11 3 12 11 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Matrix C:
. . . . . . . 3 3 6 7 11 6 7 7 1 8 7 3 11 8 2 10 11 4 . 2 . 6 6 5 . 9 . 7 8 2 6
. . . . . . 12 11 . 6 8 2 6 9 1 8 6 6 4 1 11 7 4 7 10 9 6 . 11 12 8 . 12 . 10 12 2 7
. . . . . . . 8 5 2 9 1 6 7 12 10 9 1 10 12 6 7 2 5 6 5 2 8 . 2 4 10 9 5 1 3 11 2
. . . . . . . 3 1 . . 9 7 6 11 12 7 1 3 5 4 2 7 2 8 1 9 7 . 8 3 . 9 1 12 9 5 1
. . . . . . . 8 12 12 7 5 3 10 6 8 5 11 6 8 8 12 3 4 9 2 1 6 3 7 11 10 7 6 8 7 6 5
. . . . . . . 8 9 6 9 6 12 . 1 1 . 9 7 . 8 6 12 . 6 9 9 1 7 8 5 9 . 8 2 2 3 7
. . . . . . . 10 12 9 1 12 2 5 5 1 4 1 9 3 9 7 1 10 4 11 5 . 6 . 1 2 5 4 . 4 5 7
. . . . . . . . . . . . . . . . . . . . . 9 3 3 7 8 5 2 8 10 3 . 8 10 9 9 12 10
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Matrix D :
10 4 9 3 4 . 3 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 1 5 7 12 3 5 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 1 9 4 6 7 7 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12 1 12 . 9 3 2 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 8 3 4 2 9 11 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 1 8 7 2 3 2 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 8 1 3 6 2 7 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 5 6 10 2 3 7 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . 12 9 7 1 10 5 5 2 9 1 8 4 10 5 6 9 5 7 2 3 5 12 2 8 1 2 10 3 7 8 3 4
. . . . . . . . 10 7 1 4 12 2 4 2 2 1 1 12 3 9 2 9 4 1 9 4 1 7 4 1 1 7 2 9 9 12 4 1
. . . . . . . . 5 3 9 . . 5 8 5 5 3 . 8 8 8 4 9 9 4 1 7 7 5 1 8 1 3 5 1 . 9 . 8
. . . . . . . . 10 8 5 8 . 5 . . 2 . . 5 8 . 5 5 3 8 . 5 8 5 5 . . . 10 . 8 5 10 8
. . . . . . . . 1 8 10 10 2 1 6 7 5 7 2 9 3 7 3 11 11 10 10 9 1 10 11 5 3 4 1 8 . 5 11 12
. . . . . . . . 2 . 7 1 6 3 8 10 . 11 2 11 7 7 9 2 9 . . 4 2 11 10 1 12 4 9 3 7 3 10 5
. . . . . . . . 9 2 10 . 11 . . 5 11 10 . 10 7 8 12 . 3 12 9 9 12 7 . 4 6 3 1 7 1 8 6 9
. . . . . . . . . . 8 8 8 . . . . . 8 . 3 8 11 1 10 5 8 8 1 2 11 . 8 8 5 3 6 5 5 5
. . . . . . . . 8 10 . 10 3 5 8 3 2 1 5 11 3 . 3 1 11 . 3 11 . 3 3 7 2 8 1 5 9 2 . 5
. . . . . . . . 4 9 9 9 9 9 1 9 9 9 4 9 9 9 1 1 4 4 9 9 6 12 1 9 9 9 4 9 1 4 9 9
. . . . . . . . 11 1 1 12 9 12 2 3 5 5 1 2 9 8 4 5 7 8 1 10 11 4 . 9 12 . 9 8 11 11 5 9
. . . . . . . . 10 7 10 2 4 3 8 . 1 5 2 11 4 10 7 3 11 3 3 1 9 10 11 3 3 10 7 5 8 4 . 12
. . . . . . . . 1 3 10 9 11 6 3 8 12 10 1 10 2 8 6 3 6 1 4 7 6 7 4 4 11 10 8 4 10 9 8 10
. . . . . . . . 2 3 5 12 4 4 7 3 10 10 2 6 8 6 2 1 12 12 9 8 5 6 2 1 7 4 4 11 12 5 . 4
. . . . . . . . 2 12 5 10 11 6 11 5 8 10 2 10 10 8 5 6 5 . 12 7 2 1 8 3 7 9 3 12 . 4 3 9
. . . . . . . . 2 4 4 10 12 12 2 8 6 5 7 9 8 8 5 . 7 6 4 8 10 6 3 4 5 8 12 3 1 12 11 5
. . . . . . . . 6 9 8 3 2 7 2 3 5 8 11 11 3 5 8 7 3 8 9 6 3 2 5 2 6 12 5 9 8 9 10 12
. . . . . . . . 11 4 4 10 5 8 . 7 11 6 12 8 1 10 6 5 9 6 9 7 3 8 4 1 3 7 2 9 11 9 . 1
. . . . . . . . 6 1 9 8 6 1 11 5 7 5 6 12 . 5 8 8 11 2 4 . 8 10 5 1 8 . 9 5 7 6 10 8
. . . . . . . . 7 3 3 1 4 3 8 11 9 . 5 2 4 8 7 12 7 8 5 11 12 9 12 12 12 1 6 1 7 9 11 12
. . . . . . . . . 8 5 8 . 5 . 8 . 3 . . 5 . 8 . 10 8 10 . 8 5 . 10 . . . 5 . . 5 .
. . . . . . . . 8 7 . 5 5 8 . 5 5 7 5 3 8 3 5 3 8 5 11 1 10 . 3 5 . 10 8 8 3 12 3 5
. . . . . . . . 9 12 1 8 7 6 3 8 2 8 1 7 7 4 . 6 12 . 8 7 9 3 7 3 6 9 1 11 9 4 4 9
. . . . . . . . 6 5 3 5 5 7 5 10 2 5 12 9 7 10 11 6 4 8 9 5 10 11 10 5 9 11 5 6 10 10 . 5
. . . . . . . . 5 . 5 8 5 . . 2 . 11 . 5 . 5 . . 10 8 . 5 3 5 . 3 . 5 7 . . 8 5 .
. . . . . . . . 10 10 5 . 5 . . 2 5 11 5 5 . . . . . 8 . 8 . 5 . 3 . 5 10 5 5 5 5 .
. . . . . . . . 10 . 5 8 . . . 5 5 11 . 5 . 5 8 . 5 . . 8 8 . . . . 5 5 10 5 5 10 5
. . . . . . . . 5 8 . 8 . . . . 8 3 . 10 . 5 . 5 5 . . 5 8 . 5 8 8 . 10 3 . 8 . .
. . . . . . . . 4 4 4 4 12 9 1 9 12 7 4 9 9 9 4 9 1 9 9 9 12 4 4 4 4 9 9 9 9 4 4 4
. . . . . . . . . 6 . . . . . . . . 3 . . 10 10 4 6 10 . 4 . 3 7 6 . 3 . . 7 9 . 3
. . . . . . . . 3 7 . 10 . . . 3 . 7 10 3 . 3 . 3 . . . 9 7 . 3 7 . . 6 . . 4 3 10
. . . . . . . . 3 10 3 10 . . . . . 4 . 3 3 3 . 9 10 . 3 3 . . 6 10 . . 3 3 9 10 3 .
Let e = (W(e1))
T . Then E2 = 〈x, y, e〉 ∼= E2. Let G2 = 〈h, x, y, e〉. The four
generating matrices of G2 are given in Appendix C. Using the Magma command
CosetAction(G, E) we obtain a faithful permutation representation ofG2 of degree
142155 with stabilizer E2. In particular |G2| = 217 · 39 · 52 · 7 · 11 · 13.
Using the faithful permutation representation of G2 of degree 142155 and
Kratzer’s Algorithm 5.3.18 of [11] we calculated the representatives of the 65 con-
jugacy classes of G2, see Table A.8. Furthermore, the character table of G2 has
been calculated by means of the above permutation representation and Magma.
It coincides with the one of Fi22 in [6, pp. 156–157].
(d) Let z = (xyxh)10. Then CG2(z) contains H = 〈h, x, y〉 which is isomorphic to
H . Now |CG2(z)| = |H | by Table A.8. Hence CC2(z) ∼= H. The character table of
G2 implies that G2 is a simple group. This completes the proof. 
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Praeger and Soicher have given in [12] a nice presentation for Fischer’s simple
group Fi22 which we now also verify for G2.
Corollary 5.2. Keep the notation of Theorem 5.1. The finite simple group G2
is isomorphic to the finitely presented group G = 〈a, b, c, d, e, f, g, h, i〉 with the
following set R(G) of defining relations:
a2 = b2 = c2 = d2 = e2 = f2 = g2 = h2 = i2 = 1,
(ab)3 = (bc)3 = (cd)3 = (de)3 = (ef)3 = (fg)3 = (dh)3 = (hi)3 = 1,
(ac)2 = (ad)2 = (ae)2 = (af)2 = (ag)2 = (ah)2 = (ai)2 = 1,
(bd)2 = (be)2 = (bf)2 = (bg)2 = (bh)2 = (bi)2 = 1,
(ce)2 = (cf)2 = (cg)2 = (ch)2 = (ci)2 = (df)2 = (dg)2 = (di)2 = 1,
(eg)2 = (eh)2 = (ei)2 = (fh)2 = (fi)2 = (gh)2 = (gi)2 = 1,
(dcbdefdhi)10 = (abcdefh)9 = (bcdefgh)9 = 1.
Proof. Using the Magma command FPGroupStrong(PG) and the faithful
permutation representation of degree 142155 of the simple group G2 given in The-
orem 5.1(c) we obtained a finite presentation of G2 with 16 generators and too
many relations to be stated in this article. Therefore we stated in the assertion the
presentation of [12, p. 110]. Using its subgroup
Q =
〈
a, c, e, g, h, bacb, dced, fegf, dchd, dehd, (cdehi)4
〉
as a stabilizer we obtained a faithful permutation representation of degree 142155
for the group G = 〈a, b, c, d, e, f, g〉. An isomorphism test in Magma established
that G2 ∼= G. 
6. The remaining cases: E1, E4, and E5
In this section we summarize our results on the remaining cases. Using The-
orem 5.1 we prove that the application of Algorithm 2.5 of [10] to the extension
group E4 constructs the automorphism group Aut(Fi22). In the cases of E1 and E5
the algorithm terminates without success.
Corollary 6.1. Keep the notation of Lemma 2.5. Let E4 = 〈p1, q1, v1〉 be the
split extension of A22 = Aut(M22) by its simple module V4 of dimension 10 over
F = GF(2). Let A2 be the automorphism group of the simple group G2, and let
H = CG2(z) be the centralizer of a 2-central involution z of G2. Then there is a
unique maximal elementary abelian normal subgroup B of a Sylow 2-subgroup S
of H such that NG2(B)
∼= E4.
Proof. In order to simplify the notation in the proof we replace Gothic let-
ters by Roman letters and G2, A2 by G, A, respectively. Then G = 〈x, y, h, e〉 by
Theorem 5.1 and t = (xye)7 is an involution of G with a centralizer CG(t) of index
|G : CG(t)| = 3510 by Table A.8. Since G is simple it has a faithful permutation
representation PG of degree 3510. Using it, Magma has been able to calculate the
automorphism group A of G and its order |A| = 218 ·39 ·52 ·7 ·11 ·13. Using the com-
mand PermutationRepresentation(AutG), Magma produces a faithful permuta-
tion representation PA of A of degree 3510. Let PU be the derived subgroup of PA.
Then Magma verifies that PU ∼= PG and that |PA : PU | = 2. Let PS be a Sylow
2-subgroup of PU and pz an involution in the center of PS. Let PH = CPU (pz).
An isomorphism test shows that PH ∼= CG(z) where z is a 2-central involution
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of the simple group G. Let NH = NPA(PH). Then |NH : PH | = 2. Further-
more, PH has a complement PC = 〈pu〉 of order 2 in NH , as has been checked
by means of Magma. Now Sylow’s Theorem asserts that pu can be chosen so
that PS = PSpu. Another application of Magma shows that PS has a unique
elementary abelian normal subgroup PB of order 210. Since PB is a characteristic
subgroup of PS it is normalized by pu. Furthermore, PA = 〈PU, pu〉. Magma also
shows that PD = NPA(PB) has order 2
18 · 3 · 5. Another isomorphism test verifies
that PD ∼= CE4(y) where y is the 2-central involution y = (p21q1v)10 of E4 given
in Lemma 2.6. Therefore Algorithm 2.5 of [10] and Theorem 5.1 imply that the
application of that algorithm to the extension group E4 returns the automorphism
group A of the simple group G. 
Remark 6.2. Let E1 = V1⋊M22 = 〈a, b, c, d, t, g, h, i, v1〉 be the split extension of
M22 by its simple module V1 of dimension 10 over F = GF(2) defined in Lemma 2.4.
By Lemma 2.6 E1 has a unique class of 2-central involutions represented by z =
(tv1)
3. Its centralizer D = CE1(z) has a uniquely determined nonabelian normal
subgroup Q of order 512 such that V = Q/Z(Q) is elementary abelian of order
28, where Z(Q) = 〈z〉 denotes the center of Q. Furthermore, Q has a complement
W in D. The Fitting subgroup B of W has order 16 and its complement L in
W is isomorphic to the alternating group A6 and not to S5 as in Proposition 3.3.
Since the center of W has order 2 we applied Algorithm 7.4.8 of [11] to construct
a subgroup K of GL8(2) such that |K : W | is odd. However, this application was
not successful.
Remark 6.3. Let E5 be the non-split extension of A22 by its simple module V3
of dimension 10 over F = GF(2) defined in Lemma 2.5. By Lemma 2.6, E5 has
a unique class of 2-central involutions represented by z = p42. Its centralizer D =
CE5(z) has a uniquely determined nonabelian normal subgroup Q of order 512 such
that V = Q/Z(Q) is elementary abelian of order 28, where Z(Q) = 〈z〉 denotes the
center of Q. This time Q does not have a complement in D. The Fitting subgroup
B of W = D/Q has order 32 and its factor group L = W/B is isomorphic to the
symmetric group S6. Since the center of W has order 2 we applied Algorithm 7.4.8
of [11] to construct a subgroup K of GL8(2) such that |K : W | is odd. However,
that application was not successful.
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Appendix A. Representatives of conjugacy classes
A.1. Conjugacy classes of H(Co2) = 〈x, y, h〉
Class Representative |Class| |Centralizer| 2P 3P 5P 7P
1 1 1 218 · 34 · 5 · 7 1 1 1 1
21 (xyh)
15 1 218 · 34 · 5 · 7 1 21 21 21
22 (yh)
7 270 217 · 3 · 7 1 22 22 22
23 (y)
3 1008 214 · 32 · 5 1 23 23 23
24 (xyhy)
5 1008 214 · 32 · 5 1 24 24 24
25 (xy)
4 1260 216 · 32 1 25 25 25
26 (xyxh
2)6 1260 216 · 32 1 26 26 26
27 (x)
6 15120 214 · 3 1 27 27 27
28 (x
2y4)3 15120 214 · 3 1 28 28 28
29 (xy
4)2 22680 215 1 29 29 29
210 (xh
2)3 120960 211 · 3 1 210 210 210
31 (x
2h)4 143360 26 · 34 31 1 31 31
32 (x)
4 172032 25 · 33 · 5 32 1 32 32
33 (xhy)
4 215040 27 · 33 33 1 33 33
41 (yh
2)7 240 214 · 33 · 7 21 41 41 41
42 (x
2yh)4 15120 214 · 3 21 42 42 42
43 (xh
2y)3 30240 213 · 3 22 43 43 43
44 (xyxh
2)3 60480 212 · 3 26 44 44 44
45 (xh
2y2)3 60480 212 · 3 22 45 45 45
46 (xhyxh
2)3 60480 212 · 3 26 46 46 46
47 (x
2yxhxy)3 60480 212 · 3 22 47 47 47
48 (x
4y3)2 90720 213 22 48 48 48
49 (x
2y)2 120960 211 · 3 25 49 49 49
410 (xhy)
3 120960 211 · 3 22 410 410 410
411 (xy)
2 181440 212 25 411 411 411
412 x
2yxhyxyh 181440 212 25 412 412 412
413 (yh
3)3 241920 210 · 3 25 413 413 413
414 (xh
3y)2 362880 211 22 414 414 414
415 (x
3yhxy)2 362880 211 26 415 415 415
416 (x)
3 483840 29 · 3 27 416 416 416
417 (xy
2)3 483840 29 · 3 27 417 417 417
418 xhy
2 483840 29 · 3 27 418 418 418
419 (yh
4)3 483840 29 · 3 27 419 419 419
420 x
2y2 725760 210 22 420 420 420
421 x
2hxy 725760 210 25 421 421 421
422 xy
4 2903040 28 29 422 422 422
423 xyxh
3y 2903040 28 27 423 423 423
424 xh
5y 2903040 28 27 424 424 424
5 xh 12386304 22 · 3 · 5 5 5 1 5
61 (x
2hyh)3 143360 26 · 34 31 21 61 61
62 (xyh)
5 172032 25 · 33 · 5 32 21 62 62
63 (x
3y)2 215040 27 · 33 33 21 63 63
64 (x
2h)2 1290240 26 · 32 31 25 64 64
65 (xyxh
2)2 1290240 26 · 32 31 26 65 65
66 y 2580480 2
5 · 32 32 23 66 66
67 x
4y 2580480 25 · 32 32 24 67 67
68 x
3hxy 2580480 25 · 32 33 25 68 68
69 x
2yh3 2580480 25 · 32 33 24 69 69
610 x
2y4h 2580480 25 · 32 33 26 610 610
611 x
2hyhxh 2580480 25 · 32 32 25 611 611
612 x
2h2yxy 2580480 25 · 32 32 26 612 612
613 xyh
2yh2 2580480 25 · 32 33 23 613 613
614 (xhy)
2 3870720 26 · 3 33 22 614 614
615 (x)
2 7741440 25 · 3 32 27 615 615
616 x
2y4 7741440 25 · 3 32 28 616 616
617 xh
2 15482880 24 · 3 33 210 617 617
7 h 13271040 23 · 7 7 7 7 1
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Conjugacy classes of H(Co2) = 〈x, y, h〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P 7P
81 (xy
3h)3 967680 28 · 3 41 81 81 81
82 (x
2yh)2 1451520 29 42 82 82 82
83 (xhyh)
2 1451520 29 42 83 83 83
84 x
4y3 2903040 28 48 84 84 84
85 x
2h2xy2 2903040 28 48 85 85 85
86 x
2y 5806080 27 49 86 86 86
87 x
3yhxy 5806080 27 415 87 87 87
88 x
2y2hyh 5806080 27 48 88 88 88
89 xh
4yh 5806080 27 49 89 89 89
810 x
2hxy3h 5806080 27 415 810 810 810
811 xy 11612160 2
6 411 811 811 811
812 xh
3y 11612160 26 414 812 812 812
813 xh
2y2h 11612160 26 44 813 813 813
9 y2h 41287680 2 · 32 9 31 9 9
101 (xyh)
3 12386304 22 · 3 · 5 5 101 21 101
102 xyhy 37158912 2
2 · 5 5 102 24 102
103 y
2h2 37158912 22 · 5 5 103 23 103
121 xh
2xh2y2 860160 25 · 33 61 41 121 121
122 x
3y 2580480 25 · 32 63 41 122 122
123 xyxh
2 7741440 25 · 3 65 44 123 123
124 xh
2y2 7741440 25 · 3 614 45 124 124
125 xy
4h 7741440 25 · 3 61 42 125 125
126 xhyxh
2 7741440 25 · 3 65 46 126 126
127 x
2yxhxy 7741440 25 · 3 614 47 127 127
128 x 15482880 2
4 · 3 615 416 128 128
129 x
2h 15482880 24 · 3 64 49 129 129
1210 xy
2 15482880 24 · 3 615 417 1210 1210
1211 xhy 15482880 2
4 · 3 614 410 1211 1211
1212 xh
2y 15482880 24 · 3 614 43 1212 1212
1213 yh
3 15482880 24 · 3 64 413 1214 1213
1214 (yh
3)5 15482880 24 · 3 64 413 1213 1214
1215 yh
4 15482880 24 · 3 615 419 1215 1215
1216 x
2y2hy 15482880 24 · 3 615 418 1216 1216
141 (yh
2)2 13271040 23 · 7 7 141 141 21
142 yh 26542080 2
2 · 7 7 143 143 22
143 (yh)
3 26542080 22 · 7 7 142 142 22
15 (xyh)2 24772608 2 · 3 · 5 15 5 32 15
161 x
2yh 23224320 25 82 161 161 161
162 xhyh 23224320 2
5 83 162 162 162
18 x2hyh 41287680 2 · 32 9 61 18 18
24 xy3h 30965760 23 · 3 122 81 24 24
28 yh2 26542080 22 · 7 141 28 28 41
30 xyh 24772608 2 · 3 · 5 15 101 62 30
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A.2. Conjugacy classes of D(Co2) = 〈x, y〉
Class Representative |Class| |Centralizer| 2P 3P 5P
1 1 1 218 · 32 · 5 1 1 1
21 (x
3y)6 1 218 · 32 · 5 1 21 21
22 (x
5y)5 16 214 · 32 · 5 1 22 22
23 (x
4yxy2)5 16 214 · 32 · 5 1 23 23
24 (x
4y3)4 30 217 · 3 1 24 24
25 (xy)
4 60 216 · 3 1 25 25
26 (x
4yxy)4 60 216 · 3 1 26 26
27 (x)
6 240 214 · 3 1 27 27
28 (x
2y2)2 240 214 · 3 1 28 28
29 (x
2y4)3 240 214 · 3 1 29 29
210 (x
4yxy3)3 240 214 · 3 1 210 210
211 (x
2y3xy3xy)3 240 214 · 3 1 211 211
212 (xy
4)2 360 215 1 212 212
213 (y)
3 480 213 · 3 1 213 213
214 (x
4y)3 480 213 · 3 1 214 214
215 (x
2yxyxy)3 480 213 · 3 1 215 215
216 (xy
2xy3)3 480 213 · 3 1 216 216
217 (x
2yxyxy2x2y2)2 720 214 1 217 217
218 x
3yxy2x2yxyx2y3 1440 213 1 218 218
219 (x
2y3xy)3 1920 211 · 3 1 219 219
220 (x
3y3xy)2 2880 212 1 220 220
221 x
2yxyxy2xy4 2880 212 1 221 221
222 x
3y4x2yx2yxy2 2880 212 1 222 222
223 xyxyxyxy
4 5760 211 1 223 223
224 x
3yx2yxyxyx2y 5760 211 1 224 224
31 (x
3y)4 10240 27 · 32 31 1 31
32 (x)
4 40960 25 · 32 32 1 32
41 (x
3y)3 240 214 · 3 21 41 41
42 (x
2yxyxy2)3 480 213 · 3 24 42 42
43 (x
2yxy2)4 720 214 21 43 43
44 (x
4y3xy)3 960 212 · 3 24 44 44
45 (x
2yxy3xy3)3 960 212 · 3 24 45 45
46 (x
4yx2y)2 1440 213 24 46 46
47 (x
2yxy3)3 1920 211 · 3 24 47 47
48 (xy)
2 2880 212 25 48 48
49 (x
4yxy)2 2880 212 26 49 49
410 x
7yxy 2880 212 24 410 410
411 x
3yxy3x2y2 2880 212 25 411 411
412 x
7yxy4 2880 212 24 412 412
413 x
6yxyxy3 2880 212 24 413 413
414 x
2y2xyxy4xy 2880 212 21 414 414
415 x
5yx2yx2yx2y 2880 212 24 415 415
416 x
3yx3yx2y3xy 2880 212 24 416 416
417 x
3yxyx2yx2y2xy2 2880 212 26 417 417
418 x
3y2x2yxyx2yxy2 2880 212 24 418 418
419 (x
2y)2 5760 211 25 419 419
420 (x
4y3)2 5760 211 24 420 420
421 x
2yxy3xy 5760 211 25 421 421
422 (x
5yx3y)2 5760 211 26 422 422
423 x
3yxyx3y2 5760 211 25 423 423
424 x
6yx2y2x2y 5760 211 24 424 424
425 x
2yxyxyxyxy2x2y2 5760 211 24 425 425
426 x
5y5xy4xy 5760 211 24 426 426
427 (x)
3 7680 29 · 3 27 427 427
428 (xy
2)3 7680 29 · 3 27 428 428
429 (x
6y)3 7680 29 · 3 27 429 429
430 xyxy
4 7680 29 · 3 27 430 430
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Conjugacy classes of D(Co2) = 〈x, y〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P
431 x
4y4 11520 210 28 431 431
432 (x
3y2xy3)2 11520 210 28 432 432
433 x
2y2xy4 11520 210 25 433 433
434 x
2y2x2y5 11520 210 28 434 434
435 x
4yx4yxy 11520 210 25 435 435
436 x
4yxyx2yxy 11520 210 25 436 436
437 x
2yxy2x2y2xy 11520 210 24 437 437
438 x
2yxy2xyxy3 11520 210 24 438 438
439 x
4yxyx3yxy 11520 210 24 439 439
440 x
2yxyx2y3xy2 11520 210 26 440 440
441 x
2yxy4xyxy2 11520 210 24 441 441
442 x
2y2x2y3xy3 11520 210 25 442 442
443 x
4yx2yx3y2xy 11520 210 28 443 443
444 (x
3yxyxy2)3 15360 28 · 3 28 444 444
445 x
2y2 23040 29 28 445 445
446 x
3yxyxyx3y2 23040 29 28 446 446
447 xy
4 46080 28 212 447 447
448 x
3y3xy 46080 28 220 448 448
449 x
8y 46080 28 220 449 449
450 x
2y3xyxy 46080 28 220 450 450
451 x
4yxy2xy 46080 28 27 451 451
452 x
7yxy2 46080 28 220 452 452
453 x
6yxyxy 46080 28 220 453 453
454 x
8yx2y 46080 28 27 454 454
455 x
7yxy3 46080 28 220 455 455
456 x
7y3xy 46080 28 220 456 456
457 x
6y2xyxy 46080 28 220 457 457
458 x
2yxyxy2x2y2 46080 28 217 458 458
459 x
3yx3yx2y3 46080 28 217 459 459
460 x
5yx3y3xy 46080 28 28 460 460
5 xy3 589824 22 · 5 5 5 1
61 (x
3y)2 10240 27 · 32 31 21 61
62 x
5y2xy2 40960 25 · 32 32 23 62
63 xyxyxyxy
3 40960 25 · 32 32 22 63
64 x
6y2x2y2 40960 25 · 32 32 21 64
65 x
3y2xy3xy2 40960 25 · 32 31 22 65
66 x
2yx2y2xyxy2 40960 25 · 32 31 23 66
67 (x
2yxy3)2 61440 26 · 3 31 24 67
68 (x)
2 122880 25 · 3 32 27 68
69 x
2y4 122880 25 · 3 32 29 69
610 x
4yxy3 122880 25 · 3 31 210 610
611 (x
3yxyxy2)2 122880 25 · 3 31 28 611
612 x
3yxyxy3 122880 25 · 3 32 26 612
613 x
3y2xy4 122880 25 · 3 32 25 613
614 x
2y3xy3xy 122880 25 · 3 31 211 614
615 y 245760 2
4 · 3 32 213 615
616 x
4y 245760 24 · 3 32 214 616
617 x
2yxyxy 245760 24 · 3 32 215 617
618 x
2y3xy 245760 24 · 3 31 219 618
619 xy
2xy3 245760 24 · 3 32 216 619
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Conjugacy classes of D(Co2) = 〈x, y〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P
81 (x
3y2xyxy)3 15360 28 · 3 41 81 81
82 (x
2yxy2)2 23040 29 43 82 82
83 (x
3yxy2)2 23040 29 43 83 83
84 x
3yx3y2 46080 28 46 84 84
85 x
3yx2yxyxy2 46080 28 43 85 85
86 x
2yx2y2x2y3 46080 28 41 86 86
87 x
5yx2y2xy2 46080 28 41 87 87
88 x
4yx2yxyx2y 46080 28 46 88 88
89 x
3yx3y3x2y 46080 28 43 89 89
810 x
2y 92160 27 419 810 810
811 x
4y3 92160 27 420 811 811
812 x
4yx2y 92160 27 46 812 812
813 x
3yxy3 92160 27 420 813 813
814 x
2yxyxy3 92160 27 420 814 814
815 x
5yx3y 92160 27 422 815 815
816 x
3yxy2xy2 92160 27 422 816 816
817 x
2yxyxy4 92160 27 420 817 817
818 x
5y2x3y 92160 27 419 818 818
819 xy 184320 2
6 48 819 819
820 x
4yxy 184320 26 49 820 820
821 x
3y2xy3 184320 26 432 821 821
822 x
4y2xy3 184320 26 432 822 822
823 x
4y3xy2 184320 26 431 823 823
824 x
4yx2yxy2 184320 26 431 824 824
825 x
5yx4y2xy 184320 26 424 825 825
101 x
5y 589824 22 · 5 5 101 22
102 x
4yxy2 589824 22 · 5 5 102 23
103 x
3yxyxy 589824 22 · 5 5 103 21
121 x
3y 122880 25 · 3 61 41 121
122 x
4y3xy 122880 25 · 3 67 44 122
123 x
2yxy3xy3 122880 25 · 3 67 45 123
124 x 245760 2
4 · 3 68 427 124
125 xy
2 245760 24 · 3 68 428 125
126 x
6y 245760 24 · 3 68 429 126
127 x
2yxy3 245760 24 · 3 67 47 127
128 x
2yxyxy2 245760 24 · 3 67 42 128
129 x
3y2xy5 245760 24 · 3 68 430 129
1210 x
3yxyxy2 491520 23 · 3 611 444 1210
161 x
2yxy2 368640 25 82 161 161
162 x
3yxy2 368640 25 83 162 162
24 x3y2xyxy 491520 23 · 3 121 81 24
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A.3. Conjugacy classes of E3 = E(Co2) = 〈x, y, e〉
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P
1 1 1 218 · 32 · 5 · 7 · 11 1 1 1 1 1
21 (xye)
5 77 218 · 32 · 5 1 21 21 21 21
22 (x)
6 330 217 · 3 · 7 1 22 22 22 22
23 (xe)
10 616 215 · 32 · 5 1 23 23 23 23
24 (x
2ey)7 2640 214 · 3 · 7 1 24 24 24 24
25 (xy
2e)7 2640 214 · 3 · 7 1 25 25 25 25
26 (e)
2 18480 214 · 3 1 26 26 26 26
27 (y)
3 36960 213 · 3 1 27 27 27 27
28 (xe
3)5 44352 212 · 5 1 28 28 28 28
29 (x
2ye3y)2 55440 214 1 29 29 29 29
3 (x)4 788480 27 · 32 3 1 3 3 3
41 (x
3y)3 18480 214 · 3 21 41 41 41 41
42 (y
2e2)3 36960 213 · 3 22 42 42 42 42
43 (xe
2)4 55440 214 21 43 43 43 43
44 (ye)
3 73920 212 · 3 22 44 44 44 44
45 (xy
2)3 73920 212 · 3 22 45 45 45 45
46 (xy)
2 110880 213 22 46 46 46 46
47 (x)
3 147840 211 · 3 22 47 47 47 47
48 x
2yx2eyxe 221760 212 21 48 48 48 48
49 (x
3yey2)2 443520 211 22 49 49 49 49
410 xyxe
3xe 443520 211 22 410 410 410 410
411 xy
3exe2 443520 211 22 411 411 411 411
412 (xe)
5 709632 28 · 5 23 412 412 412 412
413 e 887040 2
10 26 413 413 413 413
414 (xy
2e2)2 887040 210 26 414 414 414 414
415 x
2e2y3e 887040 210 26 415 415 415 415
416 x
8y 887040 210 26 416 416 416 416
417 (x
3y2e)3 1182720 28 · 3 26 417 417 417 417
418 x
2y2 1774080 29 26 418 418 418 418
419 x
2y2xe3 1774080 29 26 419 419 419 419
420 x
2ye3y 3548160 28 29 420 420 420 420
421 x
2exeye 3548160 28 26 421 421 421 421
422 xye
2y3 3548160 28 29 422 422 422 422
5 (xe)4 22708224 23 · 5 5 5 1 5 5
61 (x
3y)2 788480 27 · 32 3 21 61 61 61
62 x
2y4 3153920 25 · 32 3 23 62 62 62
63 xyxe
2y 3153920 25 · 32 3 21 63 63 63
64 (x)
2 4730880 26 · 3 3 22 64 64 64
65 x
4y 9461760 25 · 3 3 24 65 65 65
66 x
2yxe 9461760 25 · 3 3 26 66 66 66
67 x
3e3 9461760 25 · 3 3 25 67 67 67
68 y 18923520 2
4 · 3 3 27 68 68 68
71 x
2e 32440320 22 · 7 71 72 72 1 71
72 (x
2e)3 32440320 22 · 7 72 71 71 1 72
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Conjugacy classes of E3 = E(Co2) = 〈x, y, e〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P
81 (x
2exe2)3 1182720 28 · 3 41 81 81 81 81
82 (xe
2)2 1774080 29 43 82 82 82 82
83 x
3ye 1774080 29 43 83 83 83 83
84 x
2y 3548160 28 46 84 84 84 84
85 x
3e2 3548160 28 46 85 85 85 85
86 x
2yey2 3548160 28 41 86 86 86 86
87 x
2eyxe 3548160 28 43 87 87 87 87
88 xy
4e2 3548160 28 43 88 88 88 88
89 x
3y2e2y 3548160 28 41 89 89 89 89
810 xy 7096320 2
7 46 810 810 810 810
811 x
2e2y 14192640 26 413 811 811 811 811
812 xy
2e2 14192640 26 414 812 812 812 812
813 yeye
2 14192640 26 413 813 813 813 813
814 x
2e2y2 14192640 26 414 814 814 814 814
815 x
3yey2 14192640 26 49 815 815 815 815
101 (xe)
2 22708224 23 · 5 5 101 23 101 101
102 xye 45416448 2
2 · 5 5 102 21 102 102
103 xe
3 45416448 22 · 5 5 103 28 103 103
11 xy2xe 82575360 11 11 11 11 11 1
121 ye 9461760 2
5 · 3 64 44 121 121 121
122 xy
2 9461760 25 · 3 64 45 122 122 122
123 x
3y 9461760 25 · 3 61 41 123 123 123
124 x 18923520 2
4 · 3 64 47 124 124 124
125 y
2e2 18923520 24 · 3 64 42 125 125 125
126 x
3y2e 37847040 23 · 3 66 417 126 126 126
141 x
2ey 32440320 22 · 7 71 142 142 24 141
142 (x
2ey)3 32440320 22 · 7 72 141 141 24 142
143 xy
2e 32440320 22 · 7 72 144 144 25 143
144 (xy
2e)3 32440320 22 · 7 71 143 143 25 144
145 xeye 32440320 2
2 · 7 72 146 146 22 145
146 (xeye)
3 32440320 22 · 7 71 145 145 22 146
161 xe
2 28385280 25 82 161 161 161 161
162 xyxey 28385280 2
5 83 162 162 162 162
20 xe 45416448 22 · 5 101 20 412 20 20
24 x2exe2 37847040 23 · 3 123 81 24 24 24
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A.4. Conjugacy classes of G3 = 〈h, x, y, e〉 ∼= Co2
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P 23P
1 1 1 218 · 36 · 53 · 7 · 11 · 23 1 1 1 1 1 1
21 (xyh)
15 56925 218 · 34 · 5 · 7 1 21 21 21 21 21
22 (x)
6 1024650 217 · 32 · 5 · 7 1 22 22 22 22 22
23 (y)
3 28690200 215 · 32 · 5 1 23 23 23 23 23
31 (x
2h)4 90675200 27 · 36 · 5 31 1 31 31 31 31
32 (x)
4 272025600 27 · 35 · 5 32 1 32 32 32 32
41 (yh
2)7 13662000 214 · 33 · 7 21 41 41 41 41 41
42 (xy
2)3 344282400 213 · 3 · 5 22 42 42 42 42 42
43 e 573804000 2
13 · 32 22 43 43 43 43 43
44 (xe
2)4 860706000 214 · 3 21 44 44 44 44 44
45 (x)
3 6885648000 211 · 3 22 45 45 45 45 45
46 (xheh)
2 6885648000 211 · 3 22 46 46 46 46 46
47 (xe)
5 33051110400 28 · 5 23 47 47 47 47 47
51 (xhye)
2 14101807104 23 · 3 · 53 51 51 1 51 51 51
52 xh 70509035520 2
3 · 3 · 52 52 52 1 52 52 52
61 (x
2h)2 7344691200 27 · 32 · 5 31 22 61 61 61 61
62 (x
2eh)2 8160768000 26 · 34 31 21 62 62 62 62
63 (xyh)
5 9792921600 25 · 33 · 5 32 21 63 63 63 63
64 (yhe)
4 12241152000 27 · 33 32 21 64 64 64 64
65 (x)
2 73446912000 26 · 32 32 22 65 65 65 65
66 y 146893824000 2
5 · 32 32 23 66 66 66 66
7 h 755453952000 23 · 7 7 7 7 1 7 7
81 (yhe)
3 55085184000 28 · 3 41 81 81 81 81 81
82 (h
2e)3 55085184000 28 · 3 43 82 82 82 82 82
83 (xe
2)2 82627776000 29 44 83 83 83 83 83
84 (x
2yh)2 82627776000 29 44 84 84 84 84 84
85 xy 165255552000 2
8 43 85 85 85 85 85
86 xheh 661022208000 2
6 46 86 86 86 86 86
9 y2h 783433728000 2 · 33 9 31 9 9 9 9
101 xhye 352545177600 2
3 · 3 · 5 51 101 22 101 101 101
102 (xyh)
3 705090355200 22 · 3 · 5 52 102 21 102 102 102
103 (xe)
2 1057635532800 23 · 5 52 103 23 103 103 103
11 xhe 3845947392000 11 11 11 11 11 1 11
121 xyxh
2 48964608000 25 · 33 62 41 121 121 121 121
122 ye 146893824000 2
5 · 32 65 43 122 122 122 122
123 x
2h 146893824000 25 · 32 61 43 123 123 123 123
124 (yhe)
2 146893824000 25 · 32 64 41 124 124 124 124
125 xy
2 440681472000 25 · 3 65 42 125 125 125 125
126 x
2eh 440681472000 25 · 3 62 44 126 126 126 126
127 x 881362944000 2
4 · 3 65 45 127 127 127 127
128 yh
3 881362944000 24 · 3 61 46 128 128 128 128
141 (yh
2)2 755453952000 23 · 7 7 141 141 21 141 141
142 yh 1510907904000 2
2 · 7 7 143 143 22 142 142
143 (yh)
3 1510907904000 22 · 7 7 142 142 22 143 143
151 he 1410180710400 2 · 3 · 5 151 52 32 151 151 151
152 (ye
2h)2 1410180710400 2 · 3 · 5 152 51 31 153 153 152
153 (ye
2h)14 1410180710400 2 · 3 · 5 153 51 31 152 152 153
161 xe
2 1322044416000 25 83 161 161 161 161 161
162 x
2yh 1322044416000 25 84 162 162 162 162 162
18 yeh2 2350301184000 2 · 32 9 62 18 18 18 18
201 xe 2115271065600 2
2 · 5 103 201 47 201 201 201
202 xehe 2115271065600 2
2 · 5 101 202 42 202 202 202
231 x
2yhe 1839366144000 23 231 231 232 232 232 1
232 (x
2yhe)5 1839366144000 23 232 232 231 231 231 1
241 yhe 1762725888000 2
3 · 3 124 81 241 241 241 241
242 h
2e 1762725888000 23 · 3 123 82 242 242 242 242
28 yh2 1510907904000 22 · 7 141 28 28 41 28 28
301 xyh 1410180710400 2 · 3 · 5 151 102 63 301 301 301
302 ye
2h 1410180710400 2 · 3 · 5 152 101 61 303 303 302
303 (ye
2h)7 1410180710400 2 · 3 · 5 153 101 61 302 302 303
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A.5. Conjugacy classes of H(Fi22) = 〈x, y, h〉
Class Representative |Class| |Centralizer| 2P 3P 5P
1 1 1 217 · 34 · 5 1 1 1
21 (xyxh)
10 1 217 · 34 · 5 1 21 21
22 (xhy
2)9 2 216 · 34 · 5 1 22 22
23 (xh)
6 180 215 · 32 1 23 23
24 (xyhyxh
2)3 180 215 · 32 1 24 24
25 (yh)
6 270 216 · 3 1 25 25
26 (xy
2xy2xh)4 270 216 · 3 1 26 26
27 (xyxyxh)
3 360 214 · 32 1 27 27
28 (y)
3 1152 210 · 32 · 5 1 28 28
29 x 4320 2
12 · 3 1 29 29
210 (xhyh)
6 4320 212 · 3 1 210 210
211 xyhxyhxyhyh 6480 2
13 1 211 211
212 (xyxyxy
2h2)3 8640 211 · 3 1 212 212
213 (xhy
2hy)3 17280 210 · 3 1 213 213
31 h 5120 2
7 · 34 31 1 31
32 (yh)
4 7680 28 · 33 32 1 32
33 (y)
2 61440 25 · 33 33 1 33
41 (xy
3h)6 480 212 · 33 21 41 41
42 (xyxh)
5 1152 210 · 32 · 5 21 42 42
43 (xyh
2xh)4 4320 212 · 3 21 43 43
44 (yh)
3 17280 210 · 3 25 44 44
45 (xyxhy
2)3 17280 210 · 3 21 45 45
46 (xy
2xh2)3 17280 210 · 3 25 46 46
47 (xy
2h2y)3 17280 210 · 3 25 47 47
48 (xhyhy
2)3 17280 210 · 3 25 48 48
49 y
2hyh2 17280 210 · 3 25 49 49
410 (xy
2xh2y2)3 17280 210 · 3 25 410 410
411 (xhy)
2 25920 211 25 411 411
412 (xy
2hyh2)2 25920 211 25 412 412
413 (xh)
3 34560 29 · 3 23 413 413
414 (xyxy
2)2 34560 29 · 3 23 414 414
415 (xy
3xhy)3 34560 29 · 3 27 415 415
416 (xyhxh
2y)3 34560 29 · 3 27 416 416
417 (xy)
3 69120 28 · 3 29 417 417
418 (xhyh)
3 69120 28 · 3 210 418 418
419 xhy
2hyh 103680 29 25 419 419
420 xhyhyhy 103680 2
9 25 420 420
421 (xy
2xy2xh)2 103680 29 26 421 421
422 xy
2hxhyhyh 103680 29 25 422 422
423 xy
3 207360 28 29 423 423
424 xyhyh 207360 2
8 29 424 424
425 xyxhxh
2 207360 28 210 425 425
426 xyhxyhxh 207360 2
8 29 426 426
427 xy
2xyhyh 414720 27 29 427 427
5 xy2 1327104 23 · 5 5 5 1
61 (xy
2h)3 5120 27 · 34 31 21 61
62 (xhy
2)3 5120 27 · 34 31 22 63
63 (xhy
2)15 5120 27 · 34 31 22 62
64 (xy
3h)4 7680 28 · 33 32 21 64
65 xyxhyhyhy 15360 2
7 · 33 32 22 65
66 (xh)
2 46080 27 · 32 31 23 66
67 (xy
3xhy)2 46080 27 · 32 31 27 68
68 (xy
3xhy)10 46080 27 · 32 31 27 67
69 xy
2h2yxyh 46080 27 · 32 31 24 69
610 (xy
2xhyh)2 61440 25 · 33 33 21 610
611 xyxh
2xhy 92160 26 · 32 32 23 611
612 xyhxyhyhyh 92160 2
6 · 32 32 24 612
613 xyh
2xh2yh 122880 24 · 33 33 22 613
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Conjugacy classes of H(Fi22) = 〈x, y, h〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P
614 (yh)
2 138240 27 · 3 32 25 614
615 xyxyhxy
2h 138240 27 · 3 32 26 615
616 y
2hyh 184320 25 · 32 32 28 616
617 xyxyxh 184320 2
5 · 32 32 27 617
618 xyhxhy 368640 2
4 · 32 33 27 619
619 (xyhxhy)
5 368640 24 · 32 33 27 618
620 xyhyxh
2 368640 24 · 32 33 24 620
621 xyxy
2h2y 368640 24 · 32 33 23 621
622 (xy)
2 552960 25 · 3 33 29 622
623 (xhyh)
2 552960 25 · 3 33 210 623
624 xhy
2hy 552960 25 · 3 32 213 624
625 y 737280 2
3 · 32 33 28 625
626 xyxyxy
2h2 1105920 24 · 3 33 212 626
81 (xy
3h)3 138240 27 · 3 41 81 81
82 (xyxy
2h)3 138240 27 · 3 41 82 82
83 xhy 414720 2
7 411 83 83
84 xhyhy 414720 2
7 411 84 84
85 xyxy
3 414720 27 411 85 85
86 (xyh
2xh)2 414720 27 43 86 86
87 xy
2xy3 414720 27 411 87 87
88 xy
2hyh2 829440 26 412 88 88
89 xyh 1658880 2
5 413 89 89
810 xyxy
2 1658880 25 414 810 810
811 xy
2xy2xh 1658880 25 421 811 811
9 (xy2h)2 1474560 22 · 32 9 31 9
101 (xyxh)
2 1327104 23 · 5 5 101 21
102 xyh
2 2654208 22 · 5 5 102 28
103 xhy
2h2 2654208 22 · 5 5 103 22
121 y
2hyhyh2 61440 25 · 33 61 41 121
122 (xy
3h)2 92160 26 · 32 64 41 122
123 xyxhy
2hyh 92160 26 · 32 64 41 123
124 xyxhyhxhy 184320 2
5 · 32 64 42 124
125 yh 552960 2
5 · 3 614 44 125
126 xyxhy
2 552960 25 · 3 64 45 126
127 xy
2xh2 552960 25 · 3 614 46 127
128 xy
2h2y 552960 25 · 3 614 47 128
129 xhyhy
2 552960 25 · 3 614 48 129
1210 xy
3xhy 552960 25 · 3 67 415 1211
1211 (xy
3xhy)5 552960 25 · 3 68 415 1210
1212 xy
2h2xh 552960 25 · 3 61 43 1212
1213 xyhxh
2y 552960 25 · 3 67 416 1214
1214 (xyhxh
2y)5 552960 25 · 3 68 416 1213
1215 xy
2xh2y2 552960 25 · 3 614 410 1215
1216 xyhxhxh
2 552960 25 · 3 614 49 1216
1217 xy
2xhyh 737280 23 · 32 610 42 1217
1218 xh 1105920 2
4 · 3 66 413 1218
1219 xy
2xh 1105920 24 · 3 66 414 1219
1220 xy 2211840 2
3 · 3 622 417 1220
1221 xhyh 2211840 2
3 · 3 623 418 1221
161 xyh
2xh 1658880 25 86 161 162
162 (xyh
2xh)5 1658880 25 86 162 161
181 xy
2h 1474560 22 · 32 9 61 181
182 xhy
2 1474560 22 · 32 9 62 183
183 (xhy
2)5 1474560 22 · 32 9 63 182
20 xyxh 2654208 22 · 5 101 20 42
241 xy
3h 1105920 24 · 3 122 81 241
242 xyxy
2h 1105920 24 · 3 122 82 242
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A.6. Conjugacy classes of D(Fi22) = 〈x, y〉
Class Representative |Class| |Centralizer| 2P 3P 5P
1 1 1 217 · 3 · 5 1 1 1
21 (xyxyxy
2xy3)8 1 217 · 3 · 5 1 21 21
22 (xyxyxyxy
2xy5)3 2 216 · 3 · 5 1 22 22
23 (xyxy
2)4 20 215 · 3 1 23 23
24 (xyxyxyxy
3)3 20 215 · 3 1 24 24
25 (xyxy
3)4 30 216 1 25 25
26 (xyxy
3xy4)4 30 216 1 26 26
27 (xyxyxyxyxy
2)2 40 214 · 3 1 27 27
28 (xy)
6 160 212 · 3 1 28 28
29 (xyxyxyxy
2xy4)6 160 212 · 3 1 29 29
210 (xyxy
2xy4)4 240 213 1 210 210
211 (xyxyxyxy
3xy2xy4)2 240 213 1 211 211
212 xyxyxyxy
2xy5xy2xyxyxyxy3 240 213 1 212 212
213 (xyxyxyxy
2xyxy4xy2)3 320 211 · 3 1 213 213
214 xyxyxy
2xy4xy2 480 212 1 214 214
215 (y)
3 640 210 · 3 1 215 215
216 x 960 2
11 1 216 216
217 (xyxyxyxyxy
5)2 960 211 1 217 217
218 xyxy
2xy4xy2xy4 1920 210 1 218 218
219 xyxyxyxyxy
2xyxy2xyxy2 1920 210 1 219 219
3 (y)2 20480 25 · 3 3 1 3
41 (xyxyxy
2xy3)4 480 212 21 41 41
42 (xyxyxy
3xy4)2 480 212 21 42 42
43 (xyxy
2xy3xy2xy3)3 640 210 · 3 21 43 43
44 (xyxy
3)2 960 211 25 44 44
45 (xyxyxy
2xyxy4)2 960 211 25 45 45
46 xyxy
3xy4xy3 1920 210 25 46 46
47 (xyxyxyxyxy
2xyxy4)2 1920 210 25 47 47
48 xyxy
3xyxy3xy2xy3 1920 210 25 48 48
49 xyxy
3xy2xy3xy2xy3 1920 210 25 49 49
410 xyxyxy
3xy2xy2xyxy4 1920 210 25 410 410
411 xyxyxyxy
4xyxy2xy5 1920 210 25 411 411
412 xyxyxyxyxyxy
3xyxyxy5 1920 210 21 412 412
413 xyxyxyxy
2xy2xy3xyxy2xy3 1920 210 25 413 413
414 xyxyxyxyxy
2xyxyxyxy2xyxy3 1920 210 25 414 414
415 (xy)
3 2560 28 · 3 28 415 415
416 (xyxyxyxy
2xy4)3 2560 28 · 3 29 416 416
417 (xyxy
2)2 3840 29 23 417 417
418 (xyxy
4)2 3840 29 23 418 418
419 (xyxy
2xy4)2 3840 29 210 419 419
420 xyxyxyxyxy
2 3840 29 27 420 420
421 (xyxy
3xy4)2 3840 29 26 421 421
422 (xyxyxyxy
3xy5)2 3840 29 210 422 422
423 xyxyxy
2xy2xy3xyxy3 3840 29 25 423 423
424 xyxyxyxy
2xyxy5xy3 3840 29 25 424 424
425 xyxyxyxy
2xy2xyxy2xy3xy2 3840 29 25 425 425
426 xyxyxyxy
2xyxy2xy3xy2xy3 3840 29 27 426 426
427 xyxyxy
2xyxy2 7680 28 210 427 427
428 xyxyxyxyxyxy
4 7680 28 28 428 428
429 xyxyxyxy
5xy5 7680 28 210 429 429
430 xyxyxy
2xyxy4xy3 7680 28 26 430 430
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Conjugacy classes of D(Fi22) = 〈x, y〉 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P
431 xyxy
2xy3xyxy3xy2 7680 28 28 431 431
432 xyxy
2xyxy2xy4xy3 7680 28 210 432 432
433 xyxyxy
2xy2xyxy2xyxy3 7680 28 210 433 433
434 xyxyxyxyxy
2xyxy5xy2 7680 28 210 434 434
435 xyxyxyxy
2xy5xy2xy3 7680 28 29 435 435
436 xyxyxyxy
5xy2xyxy2xy5 7680 28 28 436 436
437 xyxyxyxy
3xy2xy4 15360 27 211 437 437
438 xyxyxyxyxy
2xy2xyxy3 15360 27 28 438 438
439 xyxyxyxy
2xyxy3xy2xy3 15360 27 210 439 439
440 xy
3 30720 26 216 440 440
441 xyxyxyxyxy
5 30720 26 217 441 441
5 xy2 98304 22 · 5 5 5 1
61 (xy)
2 20480 25 · 3 3 28 61
62 (xyxyxyxy
2xy4)2 20480 25 · 3 3 29 62
63 xyxyxyxy
2xy3xy2 20480 25 · 3 3 21 63
64 xyxyxyxy
3 40960 24 · 3 3 24 64
65 xyxy
2xy5 40960 24 · 3 3 27 66
66 (xyxy
2xy5)5 40960 24 · 3 3 27 65
67 xyxyxyxy
2xy5 40960 24 · 3 3 22 67
68 xyxy
2xyxy2xy4 40960 24 · 3 3 23 68
69 xyxyxyxy
2xyxy4xy2 40960 24 · 3 3 213 69
610 y 81920 2
3 · 3 3 215 610
81 xyxy
3 15360 27 44 81 81
82 xy
2xy3 15360 27 44 82 82
83 (xyxyxy
2xy3)2 15360 27 41 83 83
84 xyxyxy
3xy4 15360 27 42 84 84
85 xyxyxyxyxy
2xy4 15360 27 44 85 85
86 xyxyxyxy
2xy2xy4 15360 27 44 86 86
87 xyxyxyxy
2xy3xy2xy3 15360 27 42 87 87
88 xyxyxy
2xyxy3 30720 26 41 88 88
89 xyxyxy
2xyxy4 30720 26 45 89 89
810 xyxyxyxyxy
2xyxy4 30720 26 47 811 810
811 (xyxyxyxyxy
2xyxy4)3 30720 26 47 810 811
812 xyxy
2 61440 25 417 812 812
813 xyxy
4 61440 25 418 813 813
814 xyxy
2xy4 61440 25 419 814 814
815 xyxy
3xy4 61440 25 421 815 815
816 xyxyxyxy
3xy5 61440 25 422 816 816
101 xyxyxy
3xy5 98304 22 · 5 5 101 21
102 xyxy
2xy3xyxy3 98304 22 · 5 5 103 22
103 (xyxy
2xy3xyxy3)3 98304 22 · 5 5 102 22
121 xy 81920 2
3 · 3 61 415 121
122 xyxyxyxy
2xy4 81920 23 · 3 62 416 122
123 xyxy
2xy3xy2xy3 81920 23 · 3 63 43 123
161 xyxyxy
2xy3 61440 25 83 161 162
162 (xyxyxy
2xy3)5 61440 25 83 162 161
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A.7. Conjugacy classes of E2 = E(Fi22) = 〈x, y, e〉
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P
1 1 1 217 · 32 · 5 · 7 · 11 1 1 1 1 1
21 (xye)
7 22 216 · 32 · 5 · 7 1 21 21 21 21
22 (xy)
6 231 217 · 3 · 5 1 22 22 22 22
23 (ye
2)6 770 216 · 32 1 23 23 23 23
24 x 18480 2
13 · 3 1 24 24 24 24
25 (xeyxe
2)2 55440 213 1 25 25 25 25
3 (y)2 788480 26 · 32 3 1 3 3 3
41 (xyey)
4 110880 212 22 41 41 41 41
42 (xyxy
3)2 110880 212 22 42 42 42 42
43 (xy)
3 147840 210 · 3 22 43 43 43 43
44 (ye
2)3 295680 29 · 3 23 44 44 44 44
45 xeyey
2e2 443520 210 22 45 45 45 45
46 (xy
2e2)2 887040 29 24 46 46 46 46
47 (xy
2xe2)2 887040 29 24 47 47 47 47
48 xeye
2 1774080 28 24 48 48 48 48
49 xy
3 3548160 27 24 49 49 49 49
410 xeyxe
2 3548160 27 25 410 410 410 410
5 xy2 22708224 22 · 5 5 5 1 5 5
61 (ye
2)2 788480 26 · 32 3 23 61 61 61
62 xyxye 3153920 2
4 · 32 3 21 62 62 62
63 xyeyey 3153920 2
4 · 32 3 23 63 63 63
64 (xy)
2 4730880 25 · 3 3 22 64 64 64
65 y 9461760 2
4 · 3 3 24 65 65 65
71 (xye)
2 32440320 2 · 7 71 72 72 1 71
72 (xye)
6 32440320 2 · 7 72 71 71 1 72
81 (xyey)
2 3548160 27 41 81 81 81 81
82 xyxy
3 3548160 27 42 82 82 82 82
83 xyxy
4e 3548160 27 42 83 83 83 83
84 xe
2ye2 7096320 26 41 84 84 84 84
85 xyxy
2 14192640 25 44 85 85 85 85
86 xy
2e2 14192640 25 46 86 86 86 86
87 xy
2xe2 14192640 25 47 87 87 87 87
101 y
2e 22708224 22 · 5 5 102 21 102 101
102 (y
2e)3 22708224 22 · 5 5 101 21 101 102
103 xy
2e 22708224 22 · 5 5 103 22 103 103
111 xe 41287680 11 112 111 111 112 1
112 (xe)
2 41287680 11 111 112 112 111 1
121 ye
2 9461760 24 · 3 61 44 121 121 121
122 xy 18923520 2
3 · 3 64 43 122 122 122
141 xye 32440320 2 · 7 71 142 142 21 141
142 (xye)
3 32440320 2 · 7 72 141 141 21 142
161 xyey 14192640 2
5 81 161 162 162 161
162 (xyey)
5 14192640 25 81 162 161 161 162
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A.8. Conjugacy classes of G2 = 〈h, x, y, e〉 ∼= Fi22
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P 13P
1 1 1 217 · 39 · 52 · 7 · 11 · 13 1 1 1 1 1 1
21 (xye)
7 3510 216 · 36 · 5 · 7 · 11 1 21 21 21 21 21
22 x 1216215 2
17 · 34 · 5 1 22 22 22 22 22
23 (xh)
6 36486450 216 · 33 1 23 23 23 23 23
31 (yh)
4 3294720 28 · 37 · 5 · 7 31 1 31 31 31 31
32 h 25625600 2
7 · 39 32 1 32 32 32 32
33 (y)
2 461260800 26 · 37 33 1 33 33 33 33
34 (xy
2eh)3 3690086400 23 · 37 34 1 34 34 34 34
41 (he)
3 583783200 212 · 33 22 41 41 41 41 41
42 (xy)
3 1401079680 210 · 32 · 5 22 42 42 42 42 42
43 (xyey)
4 5254048800 212 · 3 22 43 43 43 43 43
44 (xh)
3 14010796800 29 · 32 23 44 44 44 44 44
45 (yh)
3 21016195200 210 · 3 22 45 45 45 45 45
5 xy2 107602919424 23 · 3 · 52 5 5 1 5 5 5
61 (xyxeh)
5 415134720 27 · 35 · 5 31 21 61 61 61 61
62 (xhy
2)3 691891200 27 · 36 32 21 62 62 62 62
63 (he)
2 6227020800 27 · 34 32 22 63 63 63 63
64 (yh)
2 9340531200 28 · 33 31 22 64 64 64 64
65 xyxye 16605388800 2
4 · 35 33 21 65 65 65 65
66 (xh)
2 18681062400 27 · 33 32 23 66 66 66 66
67 xyeyxh 18681062400 2
7 · 33 31 23 67 67 67 67
68 (ye
2)2 37362124800 26 · 33 33 23 68 68 68 68
69 y 74724249600 2
5 · 33 33 22 69 69 69 69
610 xhey 149448499200 2
4 · 33 33 23 610 610 610 610
611 xheh
2 298896998400 23 · 33 34 23 611 611 611 611
7 (xye)2 1537184563200 2 · 3 · 7 7 7 7 1 7 7
81 xhy 168129561600 2
7 · 3 41 81 81 81 81 81
82 (xyhye)
3 168129561600 27 · 3 41 82 82 82 82 82
83 (xyey)
2 504388684800 27 43 83 83 83 83 83
84 xyh 2017554739200 2
5 44 84 84 84 84 84
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Conjugacy classes of G2 = 〈h, x, y, e〉 ∼= Fi22 (continued)
Class Representative |Class| |Centralizer| 2P 3P 5P 7P 11P 13P
91 (xy
2h)2 199264665600 22 · 34 91 32 91 91 91 91
92 xheye 398529331200 2 · 3
4 92 32 92 92 92 92
93 xy
2eh 2391175987200 33 93 34 93 93 93 93
101 y
2e 1076029194240 22 · 3 · 5 5 101 21 101 101 101
102 xhe 1614043791360 2
3 · 5 5 102 22 102 102 102
111 xe 2934625075200 2 · 11 112 111 111 112 1 112
112 (xe)
2 2934625075200 2 · 11 111 112 112 111 1 111
121 he 74724249600 2
5 · 33 63 41 121 121 121 121
122 (xy
3h)2 112086374400 26 · 32 64 41 122 122 122 122
123 xyhxhxh
2 112086374400 26 · 32 64 41 123 123 123 123
124 xexeh 224172748800 2
5 · 32 64 42 124 124 124 124
125 xh 448345497600 2
4 · 32 66 44 125 125 125 125
126 ye
2 448345497600 24 · 32 68 44 126 126 126 126
127 xy
2xh 448345497600 24 · 32 66 44 127 127 127 127
128 yh 672518246400 2
5 · 3 64 45 128 128 128 128
129 xhe
2 672518246400 25 · 3 63 43 129 129 129 129
1210 xy 896690995200 2
3 · 32 69 42 1210 1210 1210 1210
1211 xehye 1793381990400 2
2 · 32 611 44 1211 1211 1211 1211
131 yhe 4966288588800 13 132 131 132 132 132 1
132 (yhe)
2 4966288588800 13 131 132 131 131 131 1
14 xye 4611553689600 2 · 7 7 14 14 21 14 14
15 xeyh 2152058388480 2 · 3 · 5 15 5 31 15 15 15
161 xyey 2017554739200 2
5 83 161 162 162 161 162
162 (xyey)
5 2017554739200 25 83 162 161 161 162 161
181 xhy
2 597793996800 22 · 33 91 62 182 181 182 181
182 (xhy
2)5 597793996800 22 · 33 91 62 181 182 181 182
183 xyheyh 1195587993600 2 · 3
3 92 62 183 183 183 183
184 xy
2h 1793381990400 22 · 32 91 63 184 184 184 184
20 xyxh 3228087582720 22 · 5 102 20 42 20 20 20
21 xyhe 3074369126400 3 · 7 21 7 21 31 21 21
221 yeh 2934625075200 2 · 11 112 221 221 222 21 222
222 (yeh)
7 2934625075200 2 · 11 111 222 222 221 21 221
241 xy
3h 1345036492800 24 · 3 122 81 241 241 241 241
242 xyhye 1345036492800 2
4 · 3 122 82 242 242 242 242
30 xyxeh 2152058388480 2 · 3 · 5 15 101 61 30 30 30
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Appendix B. Character Tables of Local Subgroups of Co2 and Fi22
B.1. Character table of H(Co2) = 〈x, y, h〉
2 18 18 17 14 14 16 16 14 14 15 11 6 5 7 14 14 13 12 12 12 12
3 4 4 1 2 2 2 2 1 1 . 1 4 3 3 3 1 1 1 1 1 1
5 1 1 . 1 1 . . . . . . . 1 . . . . . . . .
7 1 1 1 . . . . . . . . . . . 1 . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 3b 3c 2a 2a 2b 2f 2b 2f 2b
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 1a 1a 1a 4a 4b 4c 4d 4e 4f 4g
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
7P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 7 7 7 −5 −5 −1 −1 3 3 −1 −1 −2 4 1 7 −1 −5 3 −1 3 −1
X.3 15 15 15 −5 −5 7 7 3 3 7 −1 −3 . 3 15 7 −5 −1 −1 −1 −1
X.4 16 −16 . 4 −4 8 −8 4 −4 . . −2 1 4 . . . 4 −4 −4 4
X.5 21 21 21 −11 −11 5 5 5 5 5 −3 3 6 . 21 5 −11 1 −3 1 −3
X.6 21 21 21 9 9 −3 −3 1 1 −3 −3 3 6 . 21 −3 9 5 −3 5 −3
X.7 27 27 27 15 15 3 3 7 7 3 3 . 9 . 27 3 15 3 3 3 3
X.8 35 35 35 −5 −5 3 3 −5 −5 3 3 −1 5 2 35 3 −5 7 3 7 3
X.9 35 35 35 15 15 11 11 7 7 11 3 −1 5 2 35 11 15 −1 3 −1 3
X.10 56 56 56 −24 −24 −8 −8 8 8 −8 . 2 11 2 56 −8 −24 . . . .
X.11 70 70 70 −10 −10 −10 −10 6 6 −10 −2 7 −5 1 70 −10 −10 2 −2 2 −2
X.12 84 84 84 4 4 20 20 4 4 20 4 3 −6 3 84 20 4 4 4 4 4
X.13 105 105 105 25 25 −7 −7 9 9 −7 1 6 . 3 105 −7 25 −3 1 −3 1
X.14 105 105 105 5 5 17 17 −3 −3 17 −7 6 . 3 105 17 5 −3 −7 −3 −7
X.15 105 105 105 −35 −35 1 1 5 5 1 1 −3 15 −3 105 1 −35 5 1 5 1
X.16 112 −112 . −20 20 −8 8 12 −12 . . 4 4 4 . . . 12 4 −12 −4
X.17 120 120 −8 . . 24 24 . . −8 −8 3 . 6 8 8 . 12 8 12 8
X.18 120 120 120 40 40 −8 −8 8 8 −8 . −6 15 . 120 −8 40 . . . .
X.19 120 120 −8 . . 24 24 . . −8 8 3 . 6 8 8 . −4 −8 −4 −8
X.20 135 135 7 15 15 39 39 15 15 7 7 . . 9 −9 −9 −1 3 7 3 7
X.21 168 168 168 40 40 8 8 8 8 8 8 6 6 −3 168 8 40 . 8 . 8
X.22 189 189 189 21 21 −3 −3 −11 −11 −3 −3 . 9 . 189 −3 21 9 −3 9 −3
X.23 189 189 189 −39 −39 21 21 1 1 21 −3 . 9 . 189 21 −39 −3 −3 −3 −3
X.24 189 189 189 −51 −51 −3 −3 13 13 −3 −3 . 9 . 189 −3 −51 −3 −3 −3 −3
X.25 210 210 210 10 10 −14 −14 10 10 −14 2 −6 −15 3 210 −14 10 6 2 6 2
X.26 210 210 210 50 50 2 2 2 2 2 −6 3 15 . 210 2 50 −2 −6 −2 −6
X.27 216 216 216 −24 −24 24 24 8 8 24 . . −9 . 216 24 −24 . . . .
X.28 240 −240 . −20 20 56 −56 12 −12 . . 6 . 12 . . . −4 4 4 −4
X.29 280 280 280 40 40 24 24 8 8 24 . −8 −5 −2 280 24 40 . . . .
X.30 280 280 280 −40 −40 −8 −8 −8 −8 −8 8 10 10 1 280 −8 −40 . 8 . 8
X.31 315 315 315 −45 −45 −21 −21 3 3 −21 3 −9 . . 315 −21 −45 −5 3 −5 3
X.32 336 −336 . 36 −36 −24 24 4 −4 . . −6 6 . . . . 20 12 −20 −12
X.33 336 −336 . −44 44 40 −40 20 −20 . . −6 6 . . . . 4 12 −4 −12
X.34 336 336 336 −16 −16 16 16 −16 −16 16 . −6 6 . 336 16 −16 . . . .
X.35 378 378 378 −30 −30 −6 −6 2 2 −6 −6 . −9 . 378 −6 −30 6 −6 6 −6
X.36 405 405 405 45 45 −27 −27 −3 −3 −27 −3 . . . 405 −27 45 −3 −3 −3 −3
X.37 405 405 21 45 45 −27 −27 −3 −3 5 −3 . . . −27 21 −3 −3 −3 −3 −3
X.38 405 405 21 45 45 −27 −27 −3 −3 5 −3 . . . −27 21 −3 −3 −3 −3 −3
X.39 420 420 420 20 20 4 4 −12 −12 4 4 −3 . 3 420 4 20 −4 4 −4 4
X.40 432 −432 . 60 −60 24 −24 28 −28 . . . 9 . . . . 12 −12 −12 12
X.41 512 512 512 . . . . . . . . 8 −16 −4 512 . . . . . .
X.42 560 −560 . 60 −60 88 −88 28 −28 . . 2 5 8 . . . −4 −12 4 12
X.43 560 −560 . −20 20 24 −24 −20 20 . . 2 5 8 . . . 28 −12 −28 12
X.44 720 720 −48 . . −48 −48 . . 16 . −9 . . 48 −16 . −8 . −8 .
X.45 720 720 −48 . . −48 −48 . . 16 . −9 . . 48 −16 . −8 . −8 .
X.46 810 810 42 90 90 90 90 42 42 26 18 . . . −54 −6 −6 6 18 6 18
X.47 840 840 −56 . . −24 −24 . . 8 8 −6 . 6 56 −8 . 36 −8 36 −8
X.48 840 840 −56 . . −24 −24 . . 8 −8 −6 . 6 56 −8 . −12 8 −12 8
X.49 896 −896 . −96 96 −64 64 32 −32 . . −4 11 8 . . . . . . .
X.50 945 945 49 −75 −75 105 105 −3 −3 9 −7 . . 9 −63 −39 5 −3 −7 −3 −7
X.51 945 945 49 −75 −75 −39 −39 45 45 −7 −7 . . 9 −63 9 5 9 −7 9 −7
X.52 945 945 49 −15 −15 129 129 33 33 33 −7 . . 9 −63 −15 1 −3 −7 −3 −7
X.53 945 945 49 −15 −15 −15 −15 −15 −15 17 17 . . 9 −63 33 1 9 17 9 17
X.54 945 945 49 105 105 −15 −15 9 9 17 1 . . 9 −63 33 −7 −3 1 −3 1
X.55 1080 1080 56 120 120 24 24 24 24 24 8 . . −9 −72 24 −8 . 8 . 8
X.56 1120 −1120 . −40 40 −80 80 24 −24 . . −14 −5 4 . . . 8 8 −8 −8
X.57 1344 −1344 . 16 −16 160 −160 16 −16 . . −6 −6 12 . . . 16 −16 −16 16
X.58 1680 1680 −112 . . 144 144 . . −48 . −12 . 12 112 48 . −8 . −8 .
X.59 1680 −1680 . 100 −100 −56 56 36 −36 . . −12 . 12 . . . −12 −4 12 4
X.60 1680 1680 −112 . . −48 −48 . . 16 16 15 . −6 112 −16 . 24 −16 24 −16
X.61 1680 1680 −112 . . −48 −48 . . 16 −16 15 . −6 112 −16 . −8 16 −8 16
X.62 1680 −1680 . −140 140 8 −8 20 −20 . . 6 15 −12 . . . 20 −4 −20 4
X.63 1680 −1680 . 20 −20 136 −136 −12 12 . . −12 . 12 . . . −12 28 12 −28
X.64 1890 1890 98 −30 −30 114 114 18 18 50 10 . . −9−126 18 2 6 10 6 10
X.65 1890 1890 98 −150 −150 66 66 42 42 2 −14 . . −9−126 −30 10 6 −14 6 −14
X.66 1920 −1920 . 160 −160 −64 64 32 −32 . . 12 15 . . . . . . . .
X.67 2520 2520 −168 . . 120 120 . . −40 −24 9 . . 168 40 . −4 24 −4 24
X.68 2520 2520 −168 . . 120 120 . . −40 24 9 . . 168 40 . 12 −24 12 −24
X.69 2688 −2688 . 160 −160 64 −64 32 −32 . . −12 6 −12 . . . . −32 . 32
X.70 2835 2835 147 135 135 171 171 15 15 11 3 . . . −189 −69 −9 −9 3 −9 3
X.71 2835 2835 147 135 135 27 27 63 63 −5 3 . . . −189 −21 −9 3 3 3 3
X.72 2835 2835 147 −45 −45 −45 −45 −45 −45 51 3 . . . −189 99 3 3 3 3 3
X.73 2835 2835 147 −225 −225 27 27 −9 −9 −5 3 . . . −189 −21 15 −9 3 −9 3
X.74 2835 2835 147 135 135 27 27 −33 −33 −5 −21 . . . −189 −21 −9 3 −21 3 −21
X.75 2835 2835 147 −225 −225 −117 −117 39 39 −21 3 . . . −189 27 15 3 3 3 3
X.76 2835 2835 147 135 135 −117 −117 15 15 −21 −21 . . . −189 27 −9 15 −21 15 −21
X.77 2835 2835 147 −45 −45 99 99 3 3 67 −21 . . . −189 51 3 −9 −21 −9 −21
X.78 3024 −3024 . −204 204 −24 24 52 −52 . . . 9 . . . . −12 12 12 −12
X.79 3024 −3024 . −156 156 168 −168 4 −4 . . . 9 . . . . −12 12 12 −12
X.80 3024 −3024 . 84 −84 −24 24 −44 44 . . . 9 . . . . 36 12 −36 −12
X.81 3240 3240 −216 . . 72 72 . . −24 −24 . . . 216 24 . 36 24 36 24
X.82 3240 3240 −216 . . 72 72 . . −24 24 . . . 216 24 . −12 −24 −12 −24
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Character table of H(Co2) (continued)
2 13 11 11 12 12 10 11 11 9 9 9 9 10 10 8 8 8 2 6 5 7 6 6 5 5
3 . 1 1 . . 1 . . 1 1 1 1 . . . . . 1 4 3 3 2 2 2 2
5 . . . . . . . . . . . . . . . . . 1 . 1 . . . . .
7 . . . . . . . . . . . . . . . . . . . . . . . . .
4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 6a 6b 6c 6d 6e 6f 6g
2P 2b 2e 2b 2e 2e 2e 2b 2f 2g 2g 2g 2g 2b 2e 2i 2g 2g 5a 3a 3b 3c 3a 3a 3b 3b
3P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 2a 2a 2a 2e 2f 2c 2d
5P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 1a 6a 6b 6c 6d 6e 6f 6g
7P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 6a 6b 6c 6d 6e 6f 6g
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 3 3 −1 −1 −1 3 3 −1 1 −3 1 −3−1 −1−1 1 1 2 −2 4 1 2 2 −2 −2
X.3 3 −1 7 3 3 −1 3 3 −3 1 −3 1−1 3 3 1 1 . −3 . 3 1 1 −2 −2
X.4 . . . 4 −4 . . . −2 −2 2 2 . . . 2 −2 1 2 −1 −4 2−2 1 −1
X.5 5 1 5 1 1 1 5 1 −3 −3 −3 −3−3 1 1 1 1 1 3 6 . −1−1 −2 −2
X.6 1 5 −3 1 1 5 1 1 −1 3 −1 3−3 1 1 −1 −1 1 3 6 . 3 3 . .
X.7 7 3 3 −1 −1 3 7 −1 1 5 1 5 3 −1−1 1 1 2 . 9 . . . 3 3
X.8 −5 7 3 −1 −1 7 −5 −1 −1 −1 −1 −1 3 −1−1 −1 −1 . −1 5 2 3 3 1 1
X.9 7 −1 11 3 3 −1 7 3 5 1 5 1 3 3 3 1 1 . −1 5 2 −1−1 3 3
X.10 8 . −8 . . . 8 . 4 −4 4 −4 . . . . . 1 2 11 2 −2−2 −3 −3
X.11 6 2 −10 2 2 2 6 2 2 2 2 2−2 2 2 −2 −2 . 7 −5 1 −1−1 −1 −1
X.12 4 4 20 4 4 4 4 4 . . . . 4 4 4 . . −1 3 −6 3 −1−1 −2 −2
X.13 9 −3 −7 −3 −3 −3 9 −3 −3 −3 −3 −3 1 −3−3 1 1 . 6 . 3 2 2 4 4
X.14 −3 −3 17 1 1 −3 −3 1 3 −1 3 −1−7 1 1 −1 −1 . 6 . 3 2 2 2 2
X.15 5 5 1 1 1 5 5 1 −1 −5 −1 −5 1 1 1 −1 −1 . −3 15 −3 1 1 1 1
X.16 . . . −4 4 . . . −2 6 2 −6 . . . 2 −2 2 −4 −4 −4 4−4 −2 2
X.17 . −4 . 4 4 −4 . 4 . . . . . −4 . . . . 3 . 6 3 3 . .
X.18 8 . −8 . . . 8 . −4 4 −4 4 . . . . . . −6 15 . −2−2 1 1
X.19 . 12 . 4 4 −4 . 4 . . . . . −4 . . . . 3 . 6 3 3 . .
X.20 −1 3 −1 11 11 3 −1 −5 3 3 3 3−1 3−1 3 3 . . . 9 . . . .
X.21 8 . 8 . . . 8 . . . . . 8 . . . . −2 6 6 −3 2 2 −2 −2
X.22 −11 9 −3 1 1 9−11 1 1 1 1 1−3 1 1 1 1−1 . 9 . . . −3 −3
X.23 1 −3 21 1 1 −3 1 1 −5 −1 −5 −1−3 1 1 −1 −1−1 . 9 . . . 3 3
X.24 13 −3 −3 −3 −3 −3 13 −3 1 1 1 1−3 −3−3 1 1−1 . 9 . . . −3 −3
X.25 10 6 −14 −2 −2 6 10 −2 −2 −2 −2 −2 2 −2−2 −2 −2 . −6 −15 3 −2−2 1 1
X.26 2 −2 2 −2 −2 −2 2 −2 2 2 2 2−6 −2−2 −2 −2 . 3 15 . −1−1 −1 −1
X.27 8 . 24 . . . 8 . −4 4 −4 4 . . . . . 1 . −9 . . . −3 −3
X.28 . . . 12 −12 . . . 6 −2 −6 2 . . . 2 −2 . −6 . −12 2−2 −2 2
X.29 8 . 24 . . . 8 . 4 −4 4 −4 . . . . . . −8 −5 −2 . . 1 1
X.30 −8 . −8 . . . −8 . . . . . 8 . . . . . 10 10 1 −2−2 2 2
X.31 3 −5−21 3 3 −5 3 3 3 3 3 3 3 3 3 −1 −1 . −9 . . 3 3 . .
X.32 . . . 4 −4 . . . 2 −6 −2 6 . . . −2 2 1 6 −6 . 6−6 . .
X.33 . . . 4 −4 . . . 6 6 −6 −6 . . . 2 −2 1 6 −6 . −2 2 −2 2
X.34 −16 . 16 . . . −16 . . . . . . . . . . 1 −6 6 . −2−2 2 2
X.35 2 6 −6 −2 −2 6 2 −2 2 2 2 2−6 −2−2 2 2−2 . −9 . . . 3 3
X.36 −3 −3−27 5 5 −3 −3 5 −3 −3 −3 −3−3 5 5 1 1 . . . . . . . .
X.37 13 −3 −3 5 5 −3 −3−11 −3 −3 −3 −3 5 −3 1 1 1 . . . . . . . .
X.38 13 −3 −3 5 5 −3 −3−11 −3 −3 −3 −3 5 −3 1 1 1 . . . . . . . .
X.39 −12 −4 4 −4 −4 −4−12 −4 . . . . 4 −4−4 . . . −3 . 3 1 1 −4 −4
X.40 . . . −4 4 . . . −2−10 2 10 . . . 2 −2 2 . −9 . . . 3 −3
X.41 . . . . . . . . . . . . . . . . . 2 8 −16 −4 . . . .
X.42 . . . 12 −12 . . . −10 −2 10 2 . . . 2 −2 . −2 −5 −8 −2 2 3 −3
X.43 . . . −4 4 . . . 2 2 −2 −2 . . . −2 2 . −2 −5 −8 6−6 1 −1
X.44 . −8 . 8 8 8 . 8 . . . . . −8 . . . . −9 . . 3 3 . .
X.45 . −8 . 8 8 8 . 8 . . . . . −8 . . . . −9 . . 3 3 . .
X.46 10 6 −6 6 6 6 −6 6 6 6 6 6 2 6−2 2 2 . . . . . . . .
X.47 . −12 . −4 −4−12 . −4 . . . . . 4 . . . . −6 . 6 6 6 . .
X.48 . 36 . −4 −4−12 . −4 . . . . . 4 . . . . −6 . 6 6 6 . .
X.49 . . . . . . . . −8 8 8 −8 . . . . . 1 4 −11 −8 −4 4 −3 3
X.50 13 −3 1 9 9 −3 −3 −7 −9 3 −9 3 1 1−3 −1 −1 . . . 9 . . . .
X.51 −3 9 1 −11 −11 9 −3 5 3 −9 3 −9 1 −3 1 3 3 . . . 9 . . . .
X.52 −15 −3 −7 13 13 −3 1 −3 −3 −3 −3 −3 1 5 1 1 1 . . . 9 . . . .
X.53 1 9 −7 −7 −7 9 1 9 −3 −3 −3 −3−7 1−3 −3 −3 . . . 9 . . . .
X.54 25 −3 −7−11 −11 −3 −7 5 −3 −3 −3 −3 9 −3 1 −3 −3 . . . 9 . . . .
X.55 24 . −8 . . . −8 . . . . . 8 . . . . . . . −9 . . . .
X.56 . . . 8 −8 . . . −4 −4 4 4 . . . −4 4 . 14 5 −4 −2 2 −1 1
X.57 . . . 16 −16 . . . . . . . . . . . . −1 6 6 −12 −2 2 −2 2
X.58 . −8 . 8 8 8 . 8 . . . . . −8 . . . . −12 . 12 . . . .
X.59 . . . −12 12 . . . 6 6 −6 −6 . . . 2 −2 . 12 . −12 4−4 4 −4
X.60 . −8 . 8 8 −8 . 8 . . . . . −8 . . . . 15 . −6 3 3 . .
X.61 . 24 . 8 8 −8 . 8 . . . . . −8 . . . . 15 . −6 3 3 . .
X.62 . . . 4 −4 . . . 2 10 −2−10 . . . −2 2 . −6 −15 12 2−2 1 −1
X.63 . . . 4 −4 . . . −6 2 6 −2 . . . −2 2 . 12 . −12 4−4 2 −2
X.64 −14 6 −14 6 6 6 2 6 −6 −6 −6 −6−6 6−2 −2 −2 . . . −9 . . . .
X.65 10 6 2 −2 −2 6 −6 −2 −6 −6 −6 −6 2 −2−2 2 2 . . . −9 . . . .
X.66 . . . . . . . . 8 −8 −8 8 . . . . . . −12 −15 . −4 4 1 −1
X.67 . 12 . 4 4 −4 . 4 . . . . . −4 . . . . 9 . . −3−3 . .
X.68 . −4 . 4 4 −4 . 4 . . . . . −4 . . . . 9 . . −3−3 . .
X.69 . . . . . . . . . . . . . . . . . −2 12 −6 12 4−4 −2 2
X.70 −1 −9 3 3 3 −9 −1−13 9 −3 9 −3−5 −5−1 −3 −3 . . . . . . . .
X.71 −17 3 3 −17 −17 3 −1 −1 −3 9 −3 9−5 −9 3 1 1 . . . . . . . .
X.72 3 3 −21 3 3 3 3−13 3 3 3 3−5 −5−1 3 3 . . . . . . . .
X.73 39 −9 3 −5 −5 −9 −9 11 −3 9 −3 9−5 3−1 1 1 . . . . . . . .
X.74 15 3 3 −1 −1 3 −1 15 9 −3 9 −3 3 7−5 1 1 . . . . . . . .
X.75 23 3 3 7 7 3 −9 −9 9 −3 9 −3−5 −1 3 −3 −3 . . . . . . . .
X.76 −1 15 3 11 11 15 −1 −5 −3 9 −3 9 3 3−1 −3 −3 . . . . . . . .
X.77 −13 −9−21 −9 −9 −9 3 7 3 3 3 3 3 −1 3 −1 −1 . . . . . . . .
X.78 . . . −12 12 . . . −2 −2 2 2 . . . 2 −2−1 . −9 . . . −3 3
X.79 . . . 4 −4 . . . 10 2−10 −2 . . . −2 2−1 . −9 . . . 3 −3
X.80 . . . 4 −4 . . . −2 −2 2 2 . . . 2 −2−1 . −9 . . . −3 3
X.81 . −12 . −4 −4−12 . −4 . . . . . 4 . . . . . . . . . . .
X.82 . 36 . −4 −4−12 . −4 . . . . . 4 . . . . . . . . . . .
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Character table of H(Co2) (continued)
2 5 5 5 5 5 5 6 5 5 4 3 8 9 9 8 8 7 7 7 7 7 6 6 6 1 2 2 2 5
3 2 2 2 2 2 2 1 1 1 1 . 1 . . . . . . . . . . . . 2 1 . . 3
5 . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1 .
7 . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . .
6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 10a 10b 10c 12a
2P 3c 3c 3c 3b 3b 3c 3c 3b 3b 3c 7a 4a 4b 4b 4h 4h 4i 4o 4h 4i 4o 4k 4n 4d 9a 5a 5a 5a 6a
3P 2e 2d 2f 2e 2f 2c 2b 2g 2h 2j 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 3a 10a 10b 10c 4a
5P 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 2a 2d 2c 12a
7P 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 1a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 10a 10b 10c 12a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 −1 2 2 1 1 . . −1 . −1 −1 3−3 1−1 1 1 −1 1 1 1 −1 1 2 . . −2
X.3 1 1 1−2 −2 1 3 . . −1 1−1 3 −1 1 −3 1 −1 1 1 −1−1 1 1 . . . . −3
X.4 2 2 −2−1 1 −2 . 1 −1 . 2 . . . . . 2 −2 . −2 2 . . . 1 −1 1 −1 .
X.5 2−2 2 2 2 −2 . 2 2 . . −3 1 1−3 −3−1 −1 1 −1 −1−1 1 −1 . 1 −1 −1 3
X.6 . . . . . . . −2 −2 . . −3 1 5 3 −1−1 1 −1−1 1 1 −1 −1 . 1 −1 −1 3
X.7 . . . 3 3 . . 1 1 . −1 3 −1 3 5 1 1 −1 1 1 −1−1 1 1 . 2 . . .
X.8 . −2 . −3 −3 −2 2 1 1 . . 3 −1 7−1 −1 1 1 −1 1 1 1 −1 1 −1 . . . −1
X.9 2 . 2−1 −1 . 2 1 1 . . 3 3 −1 1 5−1 1 1 −1 1 1 1 −1 −1 . . . −1
X.10 −2 . −2 1 1 . 2−1 −1 . . . . . −4 4 . . . . . . . . −1 1 1 1 2
X.11 −1−1 −1−1 −1 −1 1 3 3 1 . −2 2 2 2 2 . . −2 . . . −2 . 1 . . . 7
X.12 −1 1 −1 2 2 1 3−2 −2 1 . 4 4 4 . . . . . . . . . . . −1 −1 −1 3
X.13 −1 1 −1−4 −4 1 3 . . 1 . 1 −3 −3−3 −3−1 −1 1 −1 −1−1 1 −1 . . . . 6
X.14 −1−1 −1 2 2 −1 3 . . −1 . −7 1 −3−1 3 1 −1 −1 1 −1−1 −1 1 . . . . 6
X.15 1 1 1 1 1 1 −3−1 −1 1 . 1 1 5−5 −1 1 −1 −1 1 −1−1 −1 1 . . . . −3
X.16 −2 2 2−2 2 −2 . . . . . . . . . . −2 −2 . 2 2 . . . 1 −2 . . .
X.17 . . . . . . −2 . . −2 1 . . . . . 2 2 . 2 2−2 . −2 . . . . −1
X.18 −2−2 −2 1 1 −2 . −1 −1 . 1 . . . 4 −4 . . . . . . . . . . . . −6
X.19 . . . . . . −2 . . 2 1 . . . . . 2 −2 . 2 −2 2 . −2 . . . . −1
X.20 3 3 3 . . 3 1 . . 1 2−1 −1 −1−1 −1 1 1 −1 1 1 1 −1 1 . . . . .
X.21 −1 1 −1 2 2 1 −3 2 2−1 . 8 . . . . . . . . . . . . . −2 . . 6
X.22 . . . −3 −3 . . 1 1 . . −3 1 9 1 1−1 −1 1 −1 −1−1 1 −1 . −1 1 1 .
X.23 . . . 3 3 . . 1 1 . . −3 1 −3−1 −5−1 1 −1−1 1 1 −1 −1 . −1 1 1 .
X.24 . . . −3 −3 . . 1 1 . . −3 −3 −3 1 1 1 1 1 1 1 1 1 1 . −1 −1 −1 .
X.25 1 1 1 1 1 1 3 1 1−1 . 2 −2 6−2 −2 . . −2 . . . −2 . . . . . −6
X.26 2 2 2−1 −1 2 . −1 −1 . . −6 −2 −2 2 2 . . −2 . . . −2 . . . . . 3
X.27 . . . −3 −3 . . −1 −1 . −1 . . . 4 −4 . . . . . . . . . 1 1 1 .
X.28 2 2 −2 2 −2 −2 . . . . 2 . . . . . 2 2 . −2 −2 . . . . . . . .
X.29 . −2 . −3 −3 −2 −2−1 −1 . . . . . −4 4 . . . . . . . . 1 . . . −8
X.30 1−1 1−2 −2 −1 1−2 −2−1 . 8 . . . . . . . . . . . . 1 . . . 10
X.31 . . . . . . . . . . . 3 3 −5 3 3−1 −1 −1−1 −1−1 −1 −1 . . . . −9
X.32 . . . . . . . −2 2 . . . . . . . −2 −2 . 2 2 . . . . −1 −1 1 .
X.33 4−4 −4−2 2 4 . 2 −2 . . . . . . . −2 2 . 2 −2 . . . . −1 −1 1 .
X.34 −2 2 −2−2 −2 2 . 2 2 . . . . . . . . . . . . . . . . 1 −1 −1 −6
X.35 . . . 3 3 . . −1 −1 . . −6 −2 6 2 2 . . 2 . . . 2 . . −2 . . .
X.36 . . . . . . . . . . −1−3 5 −3−3 −3 1 1 1 1 1 1 1 1 . . . . .
X.37 . . . . . . . . . . −1−3 1 1 1 1 1 1 −3 1 1 1 1 1 . . . . .
X.38 . . . . . . . . . . −1−3 1 1 1 1 1 1 −3 1 1 1 1 1 . . . . .
X.39 1−1 1 4 4 −1 3 . . 1 . 4 −4 −4 . . . . . . . . . . . . . . −3
X.40 . . . −3 3 . . 1 −1 . −2 . . . . . 2 2 . −2 −2 . . . . −2 . . .
X.41 . . . . . . −4 . . . 1 . . . . . . . . . . . . . −1 2 . . 8
X.42 4 . −4 1 −1 . . 1 −1 . . . . . . . −2 −2 . 2 2 . . . −1 . . . .
X.43 . −4 . 3 −3 4 . 1 −1 . . . . . . . 2 −2 . −2 2 . . . −1 . . . .
X.44 . . . . . . . . . . −1 . . . . . . . . . . . . . . . . . 3
X.45 . . . . . . . . . . −1 . . . . . . . . . . . . . . . . . 3
X.46 . . . . . . . . . . −2−6 −2 −2−2 −2 . . 2 . . . −2 . . . . . .
X.47 . . . . . . −2 . . 2 . . . . . . −2 2 . −2 2−2 . 2 . . . . 2
X.48 . . . . . . −2 . . −2 . . . . . . −2 −2 . −2 −2 2 . 2 . . . . 2
X.49 −4 . 4−1 1 . . −1 1 . . . . . . . . . . . . . . . −1 −1 1 −1 .
X.50 −3 3 −3 . . 3 1 . . −1 . 1 5 1−1 3 1 −1 3 1 −1−1 −1 1 . . . . .
X.51 −3 3 −3 . . 3 1 . . −1 . 1 1 −3 3 −1−1 1 −1−1 1 1 −1 −1 . . . . .
X.52 3−3 3 . . −3 1 . . −1 . 1 −7 1 1 1−1 −1 −3−1 −1−1 1 −1 . . . . .
X.53 3−3 3 . . −3 1 . . −1 . 1 5 −3 1 1 1 1 1 1 1 1 1 1 . . . . .
X.54 3 3 3 . . 3 1 . . 1 . −7 1 1 1 1−1 −1 1 −1 −1−1 1 −1 . . . . .
X.55 −3−3 −3 . . −3 −1 . . −1 2−8 . . . . . . . . . . . . . . . . .
X.56 −2−2 2 1 −1 2 . 3 −3 . . . . . . . . . . . . . . . 1 . . . .
X.57 −2 2 2−2 2 −2 . −2 2 . . . . . . . . . . . . . . . . 1 −1 1 .
X.58 . . . . . . −4 . . . . . . . . . . . . . . . . . . . . . 4
X.59 −2 2 2 4 −4 −2 . . . . . . . . . . −2 2 . 2 −2 . . . . . . . .
X.60 . . . . . . 2 . . −2 . . . . . . . . . . . . . . . . . . −5
X.61 . . . . . . 2 . . 2 . . . . . . . . . . . . . . . . . . −5
X.62 2 2 −2−1 1 −2 . −1 1 . . . . . . . 2 2 . −2 −2 . . . . . . . .
X.63 −2−2 2−2 2 2 . . . . . . . . . . 2 2 . −2 −2 . . . . . . . .
X.64 −3 3 −3 . . 3 −1 . . 1 . 2 −2 −2 2 2 . . −2 . . . 2 . . . . . .
X.65 3−3 3 . . −3 −1 . . 1 . 2 6 −2 2 2 . . 2 . . . −2 . . . . . .
X.66 −4−4 4−1 1 4 . −1 1 . 2 . . . . . . . . . . . . . . . . . .
X.67 . . . . . . . . . . . . . . . . −2 2 . −2 2−2 . 2 . . . . −3
X.68 . . . . . . . . . . . . . . . . −2 −2 . −2 −2 2 . 2 . . . . −3
X.69 −2 2 2−2 2 −2 . 2 −2 . . . . . . . . . . . . . . . . 2 . . .
X.70 . . . . . . . . . . . 3 7 3 1 −3−1 1 1 −1 1 1 1 −1 . . . . .
X.71 . . . . . . . . . . . 3 3 −1−3 1 1 −1 −3 1 −1−1 1 1 . . . . .
X.72 . . . . . . . . . . . 3 7 −1−1 −1−1 −1 −1−1 −1−1 −1 −1 . . . . .
X.73 . . . . . . . . . . . 3 −1 3−3 1−1 1 −3−1 1 1 1 −1 . . . . .
X.74 . . . . . . . . . . . 3 3 −1 1 −3 1 −1 −3 1 −1−1 1 1 . . . . .
X.75 . . . . . . . . . . . 3 −5 −1 1 −3 1 −1 1 1 −1−1 1 1 . . . . .
X.76 . . . . . . . . . . . 3 −1 −5−3 1−1 1 1 −1 1 1 1 −1 . . . . .
X.77 . . . . . . . . . . . 3 −5 3−1 −1 1 1 3 1 1 1 −1 1 . . . . .
X.78 . . . 3 −3 . . 1 −1 . . . . . . . 2 −2 . −2 2 . . . . 1 −1 1 .
X.79 . . . −3 3 . . 1 −1 . . . . . . . −2 −2 . 2 2 . . . . 1 1 −1 .
X.80 . . . 3 −3 . . 1 −1 . . . . . . . −2 2 . 2 −2 . . . . 1 1 −1 .
X.81 . . . . . . . . . . −1 . . . . . 2 −2 . 2 −2 2 . −2 . . . . .
X.82 . . . . . . . . . . −1 . . . . . 2 2 . 2 2−2 . −2 . . . . .
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Character table of H(Co2) (continued)
2 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 3 2 2 1 5 5 1 3 2 1
3 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . . . 1 . . 2 1 . 1
5 . . . . . . . . . . . . . . . . . . 1 . . . . . 1
7 . . . . . . . . . . . . . . . 1 1 1 . . . . . 1 .
12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p 14a 14b 14c 15a 16a 16b 18a 24a 28a 30a
2P 6c 6e 6n 6a 6e 6n 6o 6d 6o 6n 6n 6d 6d 6o 6o 7a 7a 7a 15a 8b 8c 9a 12b 14a 15a
3P 4a 4d 4e 4b 4f 4g 4p 4i 4q 4j 4c 4m 4m 4s 4r 14a 14c 14b 5a 16a 16b 6a 8a 28a 10a
5P 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12n 12m 12o 12p 14a 14c 14b 3b 16a 16b 18a 24a 28a 6b
7P 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p 2a 2b 2b 15a 16a 16b 18a 24a 4a 30a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 . −1 2 . −1 −2 . . −1 1 . . . −2 . . . −1 1 −1 1 −1 . −1
X.3 3 −1 −1 1 −1 −1 . −1 −2 1 1 −1 −1 −2 . 1 1 1 . −1 1 . −1 1 .
X.4 . −2 2 . 2 −2 1 . 1 . . . . −1 −1 −2 . . 1 . . −1 . . −1
X.5 . 1 . −1 1 . . 1 . 2 −2 1 1 . . . . . 1 −1 −1 . . . 1
X.6 . −1 . 3 −1 . 2 −1 . . . −1 −1 . 2 . . . 1 1 −1 . . . 1
X.7 . . . . . . 1 . −1 . . . . −1 1 −1 −1 −1 −1 −1 1 . . −1 −1
X.8 2 1 . 3 1 . −1 1 −1 . −2 1 1 −1 −1 . . . . 1 1 −1 . . .
X.9 2 −1 . −1 −1 . −1 −1 1 2 . −1 −1 1 −1 . . . . 1 −1 −1 . . .
X.10 2 . . −2 . . 1 . −1 −2 . . . −1 1 . . . 1 . . −1 . . 1
X.11 1 −1 1 −1 −1 1 −1 −1 −1 −1 −1 −1 −1 −1 −1 . . . . . . 1 1 . .
X.12 3 1 1 −1 1 1 . 1 . −1 1 1 1 . . . . . −1 . . . 1 . −1
X.13 3 . 1 2 . 1 . . . −1 1 . . . . . . . . −1 −1 . 1 . .
X.14 3 . −1 2 . −1 . . 2 −1 −1 . . 2 . . . . . −1 1 . −1 . .
X.15 −3 −1 1 1 −1 1 −1 −1 1 1 1 −1 −1 1 −1 . . . . −1 1 . 1 . .
X.16 . . −2 . . 2 −2 . . . . . . . 2 . . . −1 . . −1 . . 1
X.17 2 3 2 −1 3 2 . −1 . . . −1 −1 . . 1 −1 −1 . . . . . 1 .
X.18 . . . −2 . . −1 . 1 −2 −2 . . 1 −1 1 1 1 . . . . . 1 .
X.19 2 −1 −2 −1 −1 −2 . 3 . . . −1 −1 . . 1 −1 −1 . . . . . 1 .
X.20 −3 . 1 . . 1 . . . −1 −1 . . . . 2 . . . −1 −1 . −1 −2 .
X.21 −3 . −1 2 . −1 . . . −1 1 . . . . . . . 1 . . . −1 . 1
X.22 . . . . . . 1 . 1 . . . . 1 1 . . . −1 −1 −1 . . . −1
X.23 . . . . . . 1 . −1 . . . . −1 1 . . . −1 1 −1 . . . −1
X.24 . . . . . . 1 . 1 . . . . 1 1 . . . −1 1 1 . . . −1
X.25 3 . −1 −2 . −1 1 . 1 1 1 . . 1 1 . . . . . . . −1 . .
X.26 . 1 . −1 1 . −1 1 −1 2 2 1 1 −1 −1 . . . . . . . . . .
X.27 . . . . . . −1 . 1 . . . . 1 −1 −1 −1 −1 1 . . . . −1 1
X.28 . 2 −2 . −2 2 . . −2 . . . . 2 . −2 . . . . . . . . .
X.29 −2 . . . . . 1 . −1 . −2 . . −1 1 . . . . . . 1 . . .
X.30 1 . −1 −2 . −1 . . . 1 −1 . . . . . . . . . . 1 −1 . .
X.31 . 1 . 3 1 . . 1 . . . 1 1 . . . . . . −1 −1 . . . .
X.32 . 2 . . −2 . 2 . . . . . . . −2 . . . 1 . . . . . −1
X.33 . −2 . . 2 . . . . . . . . . . . . . 1 . . . . . −1
X.34 . . . −2 . . . . . −2 2 . . . . . . . 1 . . . . . 1
X.35 . . . . . . −1 . −1 . . . . −1 −1 . . . 1 . . . . . 1
X.36 . . . . . . . . . . . . . . . −1 −1 −1 . 1 1 . . −1 .
X.37 . . . . . . . . . . . . . . . −1 A A¯ . −1 −1 . . 1 .
X.38 . . . . . . . . . . . . . . . −1 A¯ A . −1 −1 . . 1 .
X.39 3 −1 1 1 −1 1 . −1 . 1 −1 −1 −1 . . . . . . . . . 1 . .
X.40 . . . . . . 1 . −1 . . . . 1 −1 2 . . −1 . . . . . 1
X.41 −4 . . . . . . . . . . . . . . 1 1 1 −1 . . −1 . 1 −1
X.42 . 2 . . −2 . −1 . 1 . . . . −1 1 . . . . . . 1 . . .
X.43 . −2 . . 2 . −1 . −1 . . . . 1 1 . . . . . . 1 . . .
X.44 . 1 . −1 1 . . 1 . . . B B¯ . . −1 1 1 . . . . . −1 .
X.45 . 1 . −1 1 . . 1 . . . B¯ B . . −1 1 1 . . . . . −1 .
X.46 . . . . . . . . . . . . . . . −2 . . . . . . . 2 .
X.47 2 . −2 −2 . −2 . . . . . . . . . . . . . . . . . . .
X.48 2 . 2 −2 . 2 . . . . . . . . . . . . . . . . . . .
X.49 . . . . . . 1 . −1 . . . . 1 −1 . . . 1 . . 1 . . −1
X.50 −3 . −1 . . −1 . . . 1 −1 . . . . . . . . 1 −1 . 1 . .
X.51 −3 . −1 . . −1 . . . 1 −1 . . . . . . . . −1 1 . 1 . .
X.52 −3 . −1 . . −1 . . . −1 1 . . . . . . . . 1 1 . 1 . .
X.53 −3 . −1 . . −1 . . . −1 1 . . . . . . . . −1 −1 . 1 . .
X.54 −3 . 1 . . 1 . . . −1 −1 . . . . . . . . 1 1 . −1 . .
X.55 3 . −1 . . −1 . . . 1 1 . . . . 2 . . . . . . 1 −2 .
X.56 . 2 2 . −2 −2 −1 . −1 . . . . 1 1 . . . . . . −1 . . .
X.57 . −2 2 . 2 −2 . . . . . . . . . . . . −1 . . . . . 1
X.58 4 −2 . . −2 . . −2 . . . 2 2 . . . . . . . . . . . .
X.59 . . 2 . . −2 . . . . . . . . . . . . . . . . . . .
X.60 −2 −3 2 −1 −3 2 . 1 . . . 1 1 . . . . . . . . . . . .
X.61 −2 1 −2 −1 1 −2 . −3 . . . 1 1 . . . . . . . . . . . .
X.62 . 2 2 . −2 −2 −1 . 1 . . . . −1 1 . . . . . . . . . .
X.63 . . −2 . . 2 . . 2 . . . . −2 . . . . . . . . . . .
X.64 3 . 1 . . 1 . . . 1 −1 . . . . . . . . . . . −1 . .
X.65 3 . 1 . . 1 . . . −1 1 . . . . . . . . . . . −1 . .
X.66 . . . . . . −1 . 1 . . . . −1 1 −2 . . . . . . . . .
X.67 . −1 . 1 −1 . . 3 . . . −1 −1 . . . . . . . . . . . .
X.68 . 3 . 1 3 . . −1 . . . −1 −1 . . . . . . . . . . . .
X.69 . . −2 . . 2 . . . . . . . . . . . . 1 . . . . . −1
X.70 . . . . . . . . . . . . . . . . . . . −1 1 . . . .
X.71 . . . . . . . . . . . . . . . . . . . 1 −1 . . . .
X.72 . . . . . . . . . . . . . . . . . . . 1 1 . . . .
X.73 . . . . . . . . . . . . . . . . . . . −1 1 . . . .
X.74 . . . . . . . . . . . . . . . . . . . 1 −1 . . . .
X.75 . . . . . . . . . . . . . . . . . . . 1 −1 . . . .
X.76 . . . . . . . . . . . . . . . . . . . −1 1 . . . .
X.77 . . . . . . . . . . . . . . . . . . . −1 −1 . . . .
X.78 . . . . . . 1 . 1 . . . . −1 −1 . . . −1 . . . . . 1
X.79 . . . . . . 1 . −1 . . . . 1 −1 . . . −1 . . . . . 1
X.80 . . . . . . 1 . 1 . . . . −1 −1 . . . −1 . . . . . 1
X.81 . . . . . . . . . . . . . . . −1 1 1 . . . . . −1 .
X.82 . . . . . . . . . . . . . . . −1 1 1 . . . . . −1 .
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Character table of H(Co2) (continued)
2 18 18 17 14 14 16 16 14 14 15 11 6 5 7 14 14 13 12 12 12 12
3 4 4 1 2 2 2 2 1 1 . 1 4 3 3 3 1 1 1 1 1 1
5 1 1 . 1 1 . . . . . . . 1 . . . . . . . .
7 1 1 1 . . . . . . . . . . . 1 . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 3b 3c 2a 2a 2b 2f 2b 2f 2b
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 1a 1a 1a 4a 4b 4c 4d 4e 4f 4g
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
7P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 3a 3b 3c 4a 4b 4c 4d 4e 4f 4g
X.83 3360 −3360 . 40 −40 −112 112 40 −40 . . 12 −15 12 . . . 24 −8−24 8
X.84 3360 −3360 . 200 −200 16 −16 8 −8 . . −6 15 . . . . −8 24 8−24
X.85 3456 −3456 . −96 96 192 −192 32 −32 . . . −9 . . . . . . . .
X.86 3780 3780 196 −60 −60 132 132 −60 −60 4 4 . . 9 −252 −60 4 12 4 12 4
X.87 3780 3780 196 −60 −60 −156 −156 36 36 −28 4 . . 9 −252 36 4−12 4−12 4
X.88 4480 −4480 . −160 160 −64 64 −32 32 . . −20 10 4 . . . . −32 . 32
X.89 4480 −4480 . 160 −160 192 −192 32 −32 . . 16 −5 −8 . . . . . . .
X.90 5040 5040 −336 . . 48 48 . . −16 . 18 . . 336 16 . −24 . −24 .
X.91 5040 −5040 . −180 180 −168 168 12 −12 . . 18 . . . . . −20 −12 20 12
X.92 5376 −5376 . −64 64 128 −128 −64 64 . . 12 6 . . . . . . . .
X.93 5670 5670 294 270 270 −90 −90 −18 −18 −26 6 . . . −378 6−18 −6 6 −6 6
X.94 6048 −6048 . −120 120 −48 48 8 −8 . . . −9 . . . . 24 24 −24 −24
X.95 6480 −6480 . 180 −180 −216 216 −12 12 . . . . . . . . −12 12 12 −12
X.96 6720 6720 −448 . . −192 −192 . . 64 . 6 . 12 448 −64 . . . . .
X.97 6720 −6720 . 80 −80 32 −32 −48 48 . . 6 . 12 . . . −16 −16 16 16
X.98 7560 7560 392 −120 −120 −24 −24 −24 −24 −24 8 . . −9 −504 −24 8 . 8 . 8
X.99 7680 7680 −512 . . . . . . . . −24 . −12 512 . . . . . .
X.100 8192 −8192 . . . . . . . . . −16 −16 −16 . . . . . . .
Character table of H(Co2) (continued)
2 13 11 11 12 12 10 11 11 9 9 9 9 10 10 8 8 8 2 6 5 7 6 6 5 5
3 . 1 1 . . 1 . . 1 1 1 1 . . . . . 1 4 3 3 2 2 2 2
5 . . . . . . . . . . . . . . . . . 1 . 1 . . . . .
7 . . . . . . . . . . . . . . . . . . . . . . . . .
4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 6a 6b 6c 6d 6e 6f 6g
2P 2b 2e 2b 2e 2e 2e 2b 2f 2g 2g 2g 2g 2b 2e 2i 2g 2g 5a 3a 3b 3c 3a 3a 3b 3b
3P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 2a 2a 2a 2e 2f 2c 2d
5P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 1a 6a 6b 6c 6d 6e 6f 6g
7P 4h 4i 4j 4k 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 4w 4x 5a 6a 6b 6c 6d 6e 6f 6g
X.83 . . . −8 8 . . . 4 4−4 −4 . . . −4 4 . −12 15 −12 −4 4 1 −1
X.84 . . . −8 8 . . . −4 −4 4 4 . . . −4 4 . 6−15 . −2 2−1 1
X.85 . . . . . . . . 8 −8−8 8 . . . . . 1 . 9 . . . −3 3
X.86 4 12 4 −4 −4 12 4−4 . . . . 4−4 4 . . . . . 9 . . . .
X.87 −28 −12 4 4 4 −12 4 4 . . . . 4 4 −4 . . . . . 9 . . . .
X.88 . . . . . . . . . . . . . . . . . . 20 −10 −4−4 4 2 −2
X.89 . . . . . . . . −8 8 8 −8 . . . . . . −16 5 8 . . 1 −1
X.90 . −24 . −8 −8 24 . −8 . . . . . 8 . . . . 18 . . 6 6 . .
X.91 . . . 12 −12 . . . −6 −6 6 6 . . . −2 2 . −18 . . 6 −6 . .
X.92 . . . . . . . . . . . . . . . . . 1−12 −6 . −4 4 2 −2
X.93 14 −6 6 2 2 −6 −2 2 −6 −6−6 −6−10 2 2 2 2 . . . . . . . .
X.94 . . . −8 8 . . . −4 −4 4 4 . . . 4 −4 −2 . 9 . . . 3 −3
X.95 . . . 20 −20 . . . 6 6−6 −6 . . . 2 −2 . . . . . . . .
X.96 . . . . . . . . . . . . . . . . . . 6 . 12 −6 −6 . .
X.97 . . . −16 16 . . . . . . . . . . . . . −6 . −12 2 −2−4 4
X.98 −24 . 8 . . . 8 . . . . . 8 . . . . . . . −9 . . . .
X.99 . . . . . . . . . . . . . . . . . . −24 . −12 . . . .
X.100 . . . . . . . . . . . . . . . . . 2 16 16 16 . . . .
Character table of H(Co2) (continued)
2 5 5 5 5 5 5 6 5 5 4 3 8 9 9 8 8 7 7 7 7 7 6 6 6 1 2 2 2 5
3 2 2 2 2 2 2 1 1 1 1 . 1 . . . . . . . . . . . . 2 1 . . 3
5 . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1 .
7 . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . .
6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 10a 10b 10c 12a
2P 3c 3c 3c 3b 3b 3c 3c 3b 3b 3c 7a 4a 4b 4b 4h 4h 4i 4o 4h 4i 4o 4k 4n 4d 9a 5a 5a 5a 6a
3P 2e 2d 2f 2e 2f 2c 2b 2g 2h 2j 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 3a 10a 10b 10c 4a
5P 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 7a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 2a 2d 2c 12a
7P 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 1a 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 9a 10a 10b 10c 12a
X.83 2 2 −2−1 1 −2 . 1 −1 . . . . . . . . . . . . . . . . . . . .
X.84 4 4 −4 1 −1 −4 . −1 1 . . . . . . . . . . . . . . . . . . . .
X.85 . . . 3 −3 . . −1 1 . −2 . . . . . . . . . . . . . . −1 1 −1 .
X.86 −3−3 −3 . . −3 1 . . 1 . −4−4 −4 . . . . . . . . . . . . . . .
X.87 −3−3 −3 . . −3 1 . . 1 . −4 4 4 . . . . . . . . . . . . . . .
X.88 2−2 −2 2 −2 2 . −2 2 . . . . . . . . . . . . . . . 1 . . . .
X.89 . −4 . 3 −3 4 . −1 1 . . . . . . . . . . . . . . . 1 . . . .
X.90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . −6
X.91 . . . . . . . . . . . . . . . . −2 2 . 2−2 . . . . . . . .
X.92 −4 4 4 2 −2 −4 . 2 −2 . . . . . . . . . . . . . . . . −1 −1 1 .
X.93 . . . . . . . . . . . 6−6 2 2 2 . . 2 . . . −2 . . . . . .
X.94 . . . −3 3 . . −1 1 . . . . . . . . . . . . . . . . 2 . . .
X.95 . . . . . . . . . . −2 . . . . . 2−2 . −2 2 . . . . . . . .
X.96 . . . . . . −4 . . . . . . . . . . . . . . . . . . . . . −2
X.97 2−2 −2−4 4 2 . . . . . . . . . . . . . . . . . . . . . . .
X.98 3 3 3 . . 3 −1 . . −1 . −8 . . . . . . . . . . . . . . . . .
X.99 . . . . . . 4 . . . 1 . . . . . . . . . . . . . . . . . 8
X.100 . . . . . . . . . . 2 . . . . . . . . . . . . . −1 −2 . . .
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Character table of H(Co2) (continued)
2 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 3 2 2 1 5 5 1 3 2 1
3 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . . . 1 . . 2 1 . 1
5 . . . . . . . . . . . . . . . . . . 1 . . . . . 1
7 . . . . . . . . . . . . . . . 1 1 1 . . . . . 1 .
12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p 14a 14b 14c 15a 16a 16b 18a 24a 28a 30a
2P 6c 6e 6n 6a 6e 6n 6o 6d 6o 6n 6n 6d 6d 6o 6o 7a 7a 7a 15a 8b 8c 9a 12b 14a 15a
3P 4a 4d 4e 4b 4f 4g 4p 4i 4q 4j 4c 4m 4m 4s 4r 14a 14c 14b 5a 16a 16b 6a 8a 28a 10a
5P 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12n 12m 12o 12p 14a 14c 14b 3b 16a 16b 18a 24a 28a 6b
7P 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p 2a 2b 2b 15a 16a 16b 18a 24a 4a 30a
X.83 . . −2 . . 2 1 . 1 . . . . −1 −1 . . . . . . . . . .
X.84 . −2 . . 2 . −1 . −1 . . . . 1 1 . . . . . . . . . .
X.85 . . . . . . −1 . 1 . . . . −1 1 2 . . 1 . . . . . −1
X.86 −3 . 1 . . 1 . . . 1 1 . . . . . . . . . . . −1 . .
X.87 −3 . 1 . . 1 . . . 1 1 . . . . . . . . . . . −1 . .
X.88 . . −2 . . 2 . . . . . . . . . . . . . . . −1 . . .
X.89 . . . . . . 1 . −1 . . . . 1 −1 . . . . . . −1 . . .
X.90 . . . −2 . . . . . . . . . . . . . . . . . . . . .
X.91 . −2 . . 2 . . . . . . . . . . . . . . . . . . . .
X.92 . . . . . . . . . . . . . . . . . . 1 . . . . . −1
X.93 . . . . . . . . . . . . . . . . . . . . . . . . .
X.94 . . . . . . −1 . −1 . . . . 1 1 . . . 1 . . . . . −1
X.95 . . . . . . . . . . . . . . . 2 . . . . . . . . .
X.96 4 . . 2 . . . . . . . . . . . . . . . . . . . . .
X.97 . 2 2 . −2 −2 . . . . . . . . . . . . . . . . . . .
X.98 3 . −1 . . −1 . . . −1 −1 . . . . . . . . . . . 1 . .
X.99 −4 . . . . . . . . . . . . . . 1 −1 −1 . . . . . 1 .
X.100 . . . . . . . . . . . . . . . −2 . . −1 . . 1 . . 1
where A = i
√
7, B = −1− i√3.
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B.2. Character table of D(Co2) = 〈x, y〉
2 18 18 14 14 17 16 16 14 14 14 14 14 15 13 13 13 13 14 13 11 12 12 12
3 2 2 2 2 1 1 1 1 1 1 1 1 . 1 1 1 1 . . 1 . . .
5 1 1 1 1 . . . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t 2u 2v
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t 2u 2v
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t 2u 2v
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 1 1 1 1 1 1 −1 −1 1 −1 −1 −1 −1 1 −1 −1 1−1 1
X.3 5 5 5 5 5 5 5 5 5 5 3 3 5 −1 −1 −1 −1 5 3 3 1 3 1
X.4 5 5 5 5 5 5 5 5 5 5 1 1 5 −3 −3 −3 −3 5 1 1 1 1 1
X.5 5 5 5 5 5 5 5 5 5 5 −1 −1 5 3 3 3 3 5 −1 −1 1−1 1
X.6 5 5 5 5 5 5 5 5 5 5 −3 −3 5 1 1 1 1 5 −3 −3 1−3 1
X.7 6 6 −6 −6 6 −2 −2 2 6 2 . . −2 4 4 −4 −4 −2 . . 2 . 2
X.8 6 6 −6 −6 6 −2 −2 2 6 2 . . −2 −4 −4 4 4 −2 . . 2 . 2
X.9 9 9 9 9 9 9 9 9 9 9 −3 −3 9 −3 −3 −3 −3 9 −3 −3 1−3 1
X.10 9 9 9 9 9 9 9 9 9 9 3 3 9 3 3 3 3 9 3 3 1 3 1
X.11 10 10 10 10 10 10 10 10 10 10 −2 −2 10 2 2 2 2 10 −2 −2 −2−2 −2
X.12 10 10 −10 −10 10 2 2 −2 10 −2 4 4 2 4 4 −4 −4 2 4 −4 2 4 2
X.13 10 10 10 10 10 10 10 10 10 10 2 2 10 −2 −2 −2 −2 10 2 2 −2 2 −2
X.14 10 10 −10 −10 10 2 2 −2 10 −2 4 4 2 −4 −4 4 4 2 4 −4 2 4 2
X.15 10 10 −10 −10 10 2 2 −2 10 −2 −4 −4 2 4 4 −4 −4 2 −4 4 2−4 2
X.16 10 10 −10 −10 10 2 2 −2 10 −2 −4 −4 2 −4 −4 4 4 2 −4 4 2−4 2
X.17 15 15 15 15 15 15 15 15 −1 15 7 7 15 3 3 3 3 −1 7 7 3−1 3
X.18 15 15 15 15 15 15 15 15 −1 15 5 5 15 −3 −3 −3 −3 −1 5 5 −1−3 −1
X.19 15 15 15 15 15 15 15 15 −1 15 −5 −5 15 3 3 3 3 −1 −5 −5 −1 3 −1
X.20 15 15 15 15 15 15 15 15 −1 15 −7 −7 15 −3 −3 −3 −3 −1 −7 −7 3 1 3
X.21 15 15 15 15 15 −1 −1 −1 15 −1 −3 −3 −1 −7 −7 −7 −7 −1 −3 −3 3−3 3
X.22 15 15 15 15 15 −1 −1 −1 15 −1 −3 −3 −1 5 5 5 5 −1 −3 −3 −1−3 −1
X.23 15 15 15 15 15 −1 −1 −1 15 −1 3 3 −1 7 7 7 7 −1 3 3 3 3 3
X.24 15 15 15 15 15 −1 −1 −1 15 −1 3 3 −1 −5 −5 −5 −5 −1 3 3 −1 3 −1
X.25 16 −16 −4 4 . 8 −8 4 . −4 8 −8 . −4 4 4 −4 . . . 4 . −4
X.26 16 −16 −4 4 . 8 −8 4 . −4 −8 8 . 4 −4 −4 4 . . . 4 . −4
X.27 16 16 16 16 16 16 16 16 16 16 . . 16 . . . . 16 . . . . .
X.28 20 20 −20 −20 20 4 4 −4 20 −4 . . 4 . . . . 4 . . −4 . −4
X.29 24 24 −24 −24 24 −8 −8 8 24 8 . . −8 8 8 −8 −8 −8 . . . . .
X.30 24 24 −24 −24 24 −8 −8 8 24 8 . . −8 −8 −8 8 8 −8 . . . . .
X.31 30 30 −30 −30 30 −10 −10 10 30 10 . . −10 −4 −4 4 4 −10 . . 2 . 2
X.32 30 30 30 30 30 30 30 30 −2 30 −2 −2 30 −6 −6 −6 −6 −2 −2 −2 2−2 2
X.33 30 30 30 30 30 30 30 30 −2 30 2 2 30 6 6 6 6 −2 2 2 2 2 2
X.34 30 30 −30 −30 30 −10 −10 10 30 10 . . −10 4 4 −4 −4 −10 . . 2 . 2
X.35 30 30 30 30 30 −2 −2 −2 30 −2 6 6 −2 2 2 2 2 −2 6 6 2 6 2
X.36 30 30 30 30 30 −2 −2 −2 30 −2 −6 −6 −2 −2 −2 −2 −2 −2 −6 −6 2−6 2
X.37 36 36 −36 −36 36 −12 −12 12 36 12 . . −12 . . . . −12 . . −4 . −4
X.38 40 40 −40 −40 40 8 8 −8 40 −8 . . 8 8 8 −8 −8 8 . . . . .
X.39 40 40 −40 −40 40 8 8 −8 40 −8 −8 −8 8 . . . . 8 −8 8 . −8 .
X.40 40 40 −40 −40 40 8 8 −8 40 −8 8 8 8 . . . . 8 8 −8 . 8 .
X.41 40 40 −40 −40 40 8 8 −8 40 −8 . . 8 −8 −8 8 8 8 . . . . .
X.42 45 45 45 45 45 −3 −3 −3 45 −3 −3 −3 −3 9 9 9 9 −3 −3 −3 1−3 1
X.43 45 45 45 45 45 −3 −3 −3 −3 −3 9 9 −3 −3 −3 −3 −3 13 9 9 1 1 1
X.44 45 45 45 45 45 −3 −3 −3 −3 −3 −3 −3 −3 9 9 9 9 13 −3 −3 1 5 1
X.45 45 45 45 45 45 45 45 45 −3 45 9 9 45 −3 −3 −3 −3 −3 9 9 1 1 1
X.46 45 45 45 45 45 −3 −3 −3 45 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3−3 −3
X.47 45 45 45 45 45 −3 −3 −3 −3 −3 3 3 −3 −9 −9 −9 −9 13 3 3 1−5 1
X.48 45 45 45 45 45 −3 −3 −3 45 −3 3 3 −3 −9 −9 −9 −9 −3 3 3 1 3 1
X.49 45 45 45 45 45 −3 −3 −3 −3 −3 −9 −9 −3 3 3 3 3 13 −9 −9 1−1 1
X.50 45 45 45 45 45 −3 −3 −3 45 −3 3 3 −3 3 3 3 3 −3 3 3 −3 3 −3
X.51 45 45 45 45 45 45 45 45 −3 45 −9 −9 45 3 3 3 3 −3 −9 −9 1−1 1
X.52 45 45 45 45 45 45 45 45 −3 45 3 3 45 3 3 3 3 −3 3 3 −3−5 −3
X.53 45 45 45 45 45 −3 −3 −3 −3 −3 3 3 −3 3 3 3 3 13 3 3 −3−5 −3
X.54 45 45 45 45 45 −3 −3 −3 −3 −3 9 9 −3 9 9 9 9 13 9 9 5 1 5
X.55 45 45 45 45 45 45 45 45 −3 45 −3 −3 45 −3 −3 −3 −3 −3 −3 −3 −3 5 −3
X.56 45 45 45 45 45 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3 −3 13 −3 −3 −3 5 −3
X.57 45 45 45 45 45 −3 −3 −3 −3 −3 −9 −9 −3 −9 −9 −9 −9 13 −9 −9 5−1 5
X.58 60 60 −60 −60 60 12 12 −12 −4−12 −16 −16 12 . . . . 12 −16 16 4 . 4
X.59 60 60 −60 −60 60 12 12 −12 −4−12 −8 −8 12 . . . . 12 −8 8 −4 8 −4
X.60 60 60 −60 −60 60 12 12 −12 −4−12 16 16 12 . . . . 12 16 −16 4 . 4
X.61 60 60 −60 −60 60 12 12 −12 −4−12 8 8 12 . . . . 12 8 −8 −4−8 −4
X.62 80 −80 −20 20 . 40 −40 20 . −20 −24 24 . −4 4 4 −4 . . . 4 . −4
X.63 80 −80 −20 20 . 40 −40 20 . −20 24 −24 . 4 −4 −4 4 . . . 4 . −4
X.64 80 −80 −20 20 . 40 −40 20 . −20 −8 8 . −12 12 12 −12 . . . 4 . −4
X.65 80 −80 −20 20 . 40 −40 20 . −20 8 −8 . 12 −12 −12 12 . . . 4 . −4
X.66 90 90 −90 −90 90 −30 −30 30 −6 30 . . −30 12 12 −12 −12 2 . . −2 . −2
X.67 90 90 −90 −90 90 −30 −30 30 −6 30 . . −30 −12 −12 12 12 2 . . 6 . 6
X.68 90 90 −90 −90 90 −30 −30 30 −6 30 . . −30 −12 −12 12 12 2 . . −2 . −2
X.69 90 90 90 90 90 −6 −6 −6 −6 −6 6 6 −6 −6 −6 −6 −6 26 6 6 −2 6 −2
X.70 90 90 −90 −90 90 −30 −30 30 −6 30 . . −30 12 12 −12 −12 2 . . 6 . 6
X.71 90 90 −90 −90 90 18 18 −18 −6−18 12 12 18 12 12 −12 −12 −14 12 −12 2−4 2
X.72 90 90 −90 −90 90 18 18 −18 −6−18 12 12 18 −12 −12 12 12 −14 12 −12 2−4 2
X.73 90 90 90 90 90 −6 −6 −6 −6 −6 −6 −6 −6 6 6 6 6 26 −6 −6 −2−6 −2
X.74 90 90 −90 −90 90 18 18 −18 −6−18 −12 −12 18 12 12 −12 −12 −14 −12 12 2 4 2
X.75 90 90 −90 −90 90 18 18 −18 −6−18 −12 −12 18 −12 −12 12 12 −14 −12 12 2 4 2
X.76 96 −96 24 −24 . −16 16 8 . −8 . . . 16 −16 16 −16 . . . 8 . −8
X.77 96 −96 24 −24 . −16 16 8 . −8 . . . −16 16 −16 16 . . . 8 . −8
X.78 120 120 . . −8 24 24 . −8 . −24 −24 −8 . . . . −8 8 −8 . 8 .
X.79 120 120 . . −8 24 24 . 8 . 16 16 −8 −12 −12 −12 −12 8 −16 . −4 8 −4
X.80 120 120 −120 −120 120 24 24 −24 −8−24 8 8 24 . . . . 24 8 −8 . 8 .
X.81 120 120 . . −8 24 24 . −8 . 24 24 −8 . . . . −8 −8 −8 . −8 .
X.82 120 120 . . −8 24 24 . 8 . −16 −16 −8 12 12 12 12 8 16 . −4−8 −4
X.83 120 120 . . −8 24 24 . 8 . 32 32 −8 12 12 12 12 8 . . 12 8 12
X.84 120 120 . . −8 24 24 . −8 . −24 −24 −8 . . . . −8 8 8 . 8 .
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Character table of D(Co2) (continued)
2 11 11 7 5 14 13 14 12 12 13 11 12 12 12 12 12 12 12 12 12 12 12 11 11
3 . . 2 2 1 1 . 1 1 . 1 . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . .
2w 2x 3a 3b 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420
2P 1a 1a 3a 3b 2a 2d 2a 2d 2d 2d 2d 2e 2f 2d 2e 2d 2d 2a 2d 2d 2f 2d 2e 2d
3P 2w 2x 1a 1a 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420
5P 2w 2x 3a 3b 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 1 1 1 1 1 −1 −1 1 −1 1 1 1 1 −1 −1 −1 −1 −1 1 1 1 1
X.3 −1 1 2 −1 5 5 5 3 3 5 3 1 1 1 1 −1 −1 3 −1 −1 1 1 1 1
X.4 −3 1−1 2 5 5 5 1 1 5 1 1 1 1 1 −3 −3 1 −3 −3 1 1 1 1
X.5 3 1−1 2 5 5 5 −1 −1 5 −1 1 1 1 1 3 3 −1 3 3 1 1 1 1
X.6 1 1 2 −1 5 5 5 −3 −3 5 −3 1 1 1 1 1 1 −3 1 1 1 1 1 1
X.7 . −2 . 3 6 −6 −2 . . 2 . −2 2 −2 −2 . −4 . . 4 2 −2 2 2
X.8 . −2 . 3 6 −6 −2 . . 2 . −2 2 −2 −2 . 4 . . −4 2 −2 2 2
X.9 −3 1 . . 9 9 9 −3 −3 9 −3 1 1 1 1 −3 −3 −3 −3 −3 1 1 1 1
X.10 3 1 . . 9 9 9 3 3 9 3 1 1 1 1 3 3 3 3 3 1 1 1 1
X.11 2 −2 1 1 10 10 10 −2 −2 10 −2−2 −2 −2 −2 2 2 −2 2 2 −2 −2 −2 −2
X.12 . −2 1 1 10 −10 2 −4 −4 −2 4 2 −2 −2 2 . −4 4 . 4 −2 −2 −2 2
X.13 −2 −2 1 1 10 10 10 2 2 10 2 −2 −2 −2 −2 −2 −2 2 −2 −2 −2 −2 −2 −2
X.14 . −2 1 1 10 −10 2 −4 −4 −2 4 2 −2 −2 2 . 4 4 . −4 −2 −2 −2 2
X.15 . −2 1 1 10 −10 2 4 4 −2 −4 2 −2 −2 2 . −4 −4 . 4 −2 −2 −2 2
X.16 . −2 1 1 10 −10 2 4 4 −2 −4 2 −2 −2 2 . 4 −4 . −4 −2 −2 −2 2
X.17 3 3 3 . −1 −1 −1 7 7 −1 7 3 3 3 3 3 3 −1 3 3 3 3 3 3
X.18 −3 −1 3 . −1 −1 −1 5 5 −1 5 −1 −1 −1 −1 −3 −3 −3 −3 −3 −1 −1 −1 −1
X.19 3 −1 3 . −1 −1 −1 −5 −5 −1 −5−1 −1 −1 −1 3 3 3 3 3 −1 −1 −1 −1
X.20 −3 3 3 . −1 −1 −1 −7 −7 −1 −7 3 3 3 3 −3 −3 1 −3 −3 3 3 3 3
X.21 1 3 . 3 15 15 −1 −3 −3 −1 −3−1 −1 3 −1 1 −7 −3 1 −7 −1 3 −1 3
X.22 −3 −1 . 3 15 15 −1 −3 −3 −1 −3 3 3 −1 3 −3 5 −3 −3 5 3 −1 3 −1
X.23 −1 3 . 3 15 15 −1 3 3 −1 3 −1 −1 3 −1 −1 7 3 −1 7 −1 3 −1 3
X.24 3 −1 . 3 15 15 −1 3 3 −1 3 3 3 −1 3 3 −5 3 3 −5 3 −1 3 −1
X.25 . . 4 1 . . . 4 −4 . . 4 4 4 −4 −4 . . 4 . −4 −4 . .
X.26 . . 4 1 . . . −4 4 . . 4 4 4 −4 4 . . −4 . −4 −4 . .
X.27 . . −2 −2 16 16 16 . . 16 . . . . . . . . . . . . . .
X.28 . 4 2 2 20 −20 4 . . −4 . −4 4 4 −4 . . . . . 4 4 4 −4
X.29 . . . 3 24 −24 −8 . . 8 . . . . . . −8 . . 8 . . . .
X.30 . . . 3 24 −24 −8 . . 8 . . . . . . 8 . . −8 . . . .
X.31 . −2 . −3 30 −30 −10 . . 10 . −2 2 −2 −2 . 4 . . −4 2 −2 2 2
X.32 −6 2−3 . −2 −2 −2 −2 −2 −2 −2 2 2 2 2 −6 −6 −2 −6 −6 2 2 2 2
X.33 6 2−3 . −2 −2 −2 2 2 −2 2 2 2 2 2 6 6 2 6 6 2 2 2 2
X.34 . −2 . −3 30 −30 −10 . . 10 . −2 2 −2 −2 . −4 . . 4 2 −2 2 2
X.35 2 2 . −3 30 30 −2 6 6 −2 6 2 2 2 2 2 2 6 2 2 2 2 2 2
X.36 −2 2 . −3 30 30 −2 −6 −6 −2 −6 2 2 2 2 −2 −2 −6 −2 −2 2 2 2 2
X.37 . 4 . . 36 −36 −12 . . 12 . 4 −4 4 4 . . . . . −4 4 −4 −4
X.38 . . −2 1 40 −40 8 . . −8 . . . . . . −8 . . 8 . . . .
X.39 . . 1 −2 40 −40 8 8 8 −8 −8 . . . . . . −8 . . . . . .
X.40 . . 1 −2 40 −40 8 −8 −8 −8 8 . . . . . . 8 . . . . . .
X.41 . . −2 1 40 −40 8 . . −8 . . . . . . 8 . . −8 . . . .
X.42 1 1 . . 45 45 −3 −3 −3 −3 −3−3 −3 1 −3 1 9 −3 1 9 −3 1 −3 1
X.43 5 1 . . −3 −3 13 9 9 13 9 5 5 1 5 5 −3 1 5 −3 5 1 5 1
X.44 1 1 . . −3 −3 13 −3 −3 13 −3−3 −3 1 −3 1 9 5 1 9 −3 1 −3 1
X.45 −3 1 . . −3 −3 −3 9 9 −3 9 1 1 1 1 −3 −3 1 −3 −3 1 1 1 1
X.46 5 −3 . . 45 45 −3 −3 −3 −3 −3 1 1 −3 1 5 −3 −3 5 −3 1 −3 1 −3
X.47 −1 1 . . −3 −3 13 3 3 13 3 −3 −3 1 −3 −1 −9 −5 −1 −9 −3 1 −3 1
X.48 −1 1 . . 45 45 −3 3 3 −3 3 −3 −3 1 −3 −1 −9 3 −1 −9 −3 1 −3 1
X.49 −5 1 . . −3 −3 13 −9 −9 13 −9 5 5 1 5 −5 3 −1 −5 3 5 1 5 1
X.50 −5 −3 . . 45 45 −3 3 3 −3 3 1 1 −3 1 −5 3 3 −5 3 1 −3 1 −3
X.51 3 1 . . −3 −3 −3 −9 −9 −3 −9 1 1 1 1 3 3 −1 3 3 1 1 1 1
X.52 3 −3 . . −3 −3 −3 3 3 −3 3 −3 −3 −3 −3 3 3 −5 3 3 −3 −3 −3 −3
X.53 −5 −3 . . −3 −3 13 3 3 13 3 1 1 −3 1 −5 3 −5 −5 3 1 −3 1 −3
X.54 1 5 . . −3 −3 13 9 9 13 9 1 1 5 1 1 9 1 1 9 1 5 1 5
X.55 −3 −3 . . −3 −3 −3 −3 −3 −3 −3−3 −3 −3 −3 −3 −3 5 −3 −3 −3 −3 −3 −3
X.56 5 −3 . . −3 −3 13 −3 −3 13 −3 1 1 −3 1 5 −3 5 5 −3 1 −3 1 −3
X.57 −1 5 . . −3 −3 13 −9 −9 13 −9 1 1 5 1 −1 −9 −1 −1 −9 1 5 1 5
X.58 . −4 3 . −4 4 12 16 16 −12 −16 4 −4 −4 4 . . . . . −4 −4 −4 4
X.59 . 4 3 . −4 4 12 8 8 −12 −8−4 4 4 −4 . . 8 . . 4 4 4 −4
X.60 . −4 3 . −4 4 12 −16 −16 −12 16 4 −4 −4 4 . . . . . −4 −4 −4 4
X.61 . 4 3 . −4 4 12 −8 −8 −12 8 −4 4 4 −4 . . −8 . . 4 4 4 −4
X.62 . . 8 −1 . . . −12 12 . . 4 4 4 −4 −4 . . 4 . −4 −4 . .
X.63 . . 8 −1 . . . 12 −12 . . 4 4 4 −4 4 . . −4 . −4 −4 . .
X.64 . . −4 2 . . . −4 4 . . 4 4 4 −4 −12 . . 12 . −4 −4 . .
X.65 . . −4 2 . . . 4 −4 . . 4 4 4 −4 12 . . −12 . −4 −4 . .
X.66 . 2 . . −6 6 2 . . −2 . 2 −2 2 2 . −12 . . 12 −2 2 −2 −2
X.67 . −6 . . −6 6 2 . . −2 . −6 6 −6 −6 . 12 . . −12 6 −6 6 6
X.68 . 2 . . −6 6 2 . . −2 . 2 −2 2 2 . 12 . . −12 −2 2 −2 −2
X.69 −6 −2 . . −6 −6 26 6 6 26 6 −2 −2 −2 −2 −6 −6 6 −6 −6 −2 −2 −2 −2
X.70 . −6 . . −6 6 2 . . −2 . −6 6 −6 −6 . −12 . . 12 6 −6 6 6
X.71 . −2 . . −6 6 −14 −12 −12 14 12 2 −2 −2 2 . −12 −4 . 12 −2 −2 −2 2
X.72 . −2 . . −6 6 −14 −12 −12 14 12 2 −2 −2 2 . 12 −4 . −12 −2 −2 −2 2
X.73 6 −2 . . −6 −6 26 −6 −6 26 −6−2 −2 −2 −2 6 6 −6 6 6 −2 −2 −2 −2
X.74 . −2 . . −6 6 −14 12 12 14 −12 2 −2 −2 2 . −12 4 . 12 −2 −2 −2 2
X.75 . −2 . . −6 6 −14 12 12 14 −12 2 −2 −2 2 . 12 4 . −12 −2 −2 −2 2
X.76 . . . 3 . . . . . . . −8 8 −8 8 . . . . . −8 8 . .
X.77 . . . 3 . . . . . . . −8 8 −8 8 . . . . . −8 8 . .
X.78 −8 8 6 . 8 . 8 8 8 . . 4 −4 −8 4 8 . −8 8 . −4 −8 12 .
X.79 −4 4 6 . −8 . −8 . . . 8 −8 . 4 −8 −4 4 −8 −4 4 . 4 . 12
X.80 . . −3 . −8 8 24 −8 −8 −24 8 . . . . . . 8 . . . . . .
X.81 −8 −8 6 . 8 . 8 8 8 . . 4 12 8 4 8 . 8 8 . 12 8 −4 .
X.82 4 4 6 . −8 . −8 . . . −8−8 . 4 −8 4 −4 8 4 −4 . 4 . 12
X.83 4 4 6 . −8 . −8 . . . −8 8 . 4 8 4 −4 −8 4 −4 . 4 . −4
X.84 8 −8 6 . 8 . 8 −8 −8 . . 4 12 8 4 −8 . −8 −8 . 12 8 −4 .
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Character table of D(Co2) (continued)
2 11 11 11 11 11 11 9 9 9 9 10 10 10 10 10 10 10 10 10 10 10 10 10 8 9
3 . . . . . . 1 1 1 1 . . . . . . . . . . . . . 1 .
5 . . . . . . . . . . . . . . . . . . . . . . . . .
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445
2P 2e 2f 2e 2d 2d 2d 2g 2g 2g 2g 2h 2h 2e 2h 2e 2e 2d 2d 2d 2f 2d 2e 2h 2h 2h
3P 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445
5P 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 −1 1 1 −1 −1 −1 −1 −1 1 1 −1 −1 1 1 1 1 −1 −1 −1 −1 −1 −1 1
X.3 3 1 3 5 5 3 −1 −1 −1 −1 1 1 3 −1 1 1 1 1 −1 3 3 3 −1 3 1
X.4 1 1 1 5 5 1 −3 −3 −3 −3 1 1 1 −3 1 1 1 1 −3 1 1 1 −3 1 1
X.5 −1 1 −1 5 5 −1 3 3 3 3 1 1 −1 3 1 1 1 1 3 −1 −1 −1 3 −1 1
X.6 −3 1 −3 5 5 −3 1 1 1 1 1 1 −3 1 1 1 1 1 1 −3 −3 −3 1 −3 1
X.7 . −2 . 2 −2 . −2 2 2 −2 2 2 . 4 −2 2 −2 2 . . . . −4 . −2
X.8 . −2 . 2 −2 . 2 −2 −2 2 2 2 . −4 −2 2 −2 2 . . . . 4 . −2
X.9 −3 1 −3 9 9 −3 −3 −3 −3 −3 1 1 −3 −3 1 1 1 1 −3 −3 −3 −3 −3 −3 1
X.10 3 1 3 9 9 3 3 3 3 3 1 1 3 3 1 1 1 1 3 3 3 3 3 3 1
X.11 −2 −2 −2 10 10 −2 2 2 2 2 −2 −2 −2 2 −2 −2 −2 −2 2 −2 −2 −2 2 −2 −2
X.12 . 2 . −2 2 4 2 −2 −2 2 2 2 . 4 2 −2 −2 2 . . −4 . −4 4 −2
X.13 2 −2 2 10 10 2 −2 −2 −2 −2 −2 −2 2 −2 −2 −2 −2 −2 −2 2 2 2 −2 2 −2
X.14 . 2 . −2 2 4 −2 2 2 −2 2 2 . −4 2 −2 −2 2 . . −4 . 4 4 −2
X.15 . 2 . −2 2 −4 2 −2 −2 2 2 2 . 4 2 −2 −2 2 . . 4 . −4 −4 −2
X.16 . 2 . −2 2 −4 −2 2 2 −2 2 2 . −4 2 −2 −2 2 . . 4 . 4 −4 −2
X.17 7 3 7 −1 −1 −1 3 3 3 3 −1 −1 −1 −1 3 3 3 3 3 −1 −1 7 −1 −1 −1
X.18 5 −1 5 −1 −1 −3 −3 −3 −3 −3 3 3 −3 1 −1 −1 −1 −1 −3 −3 −3 5 1 1 3
X.19 −5 −1 −5 −1 −1 3 3 3 3 3 3 3 3 −1 −1 −1 −1 −1 3 3 3 −5 −1 −1 3
X.20 −7 3 −7 −1 −1 1 −3 −3 −3 −3 −1 −1 1 1 3 3 3 3 −3 1 1 −7 1 1 −1
X.21 1 −1 1 −1 −1 −3 1 1 1 1 3 3 1 −7 −1 −1 3 3 1 1 −3 1 −7 −3 3
X.22 1 3 1 −1 −1 −3 1 1 1 1 −1 −1 1 5 3 3 −1 −1 −3 1 −3 1 5 −3 −1
X.23 −1 −1 −1 −1 −1 3 −1 −1 −1 −1 3 3 −1 7 −1 −1 3 3 −1 −1 3 −1 7 3 3
X.24 −1 3 −1 −1 −1 3 −1 −1 −1 −1 −1 −1 −1 −5 3 3 −1 −1 3 −1 3 −1 −5 3 −1
X.25 −4 . 4 . . . 2 2 −2 −2 . . . . . . . . . . . . . . .
X.26 4 . −4 . . . −2 −2 2 2 . . . . . . . . . . . . . . .
X.27 . . . 16 16 . . . . . . . . . . . . . . . . . . . .
X.28 . −4 . −4 4 . . . . . −4 −4 . . −4 4 4 −4 . . . . . . 4
X.29 . . . 8 −8 . −4 4 4 −4 . . . 8 . . . . . . . . −8 . .
X.30 . . . 8 −8 . 4 −4 −4 4 . . . −8 . . . . . . . . 8 . .
X.31 . −2 . 10 −10 . 2 −2 −2 2 2 2 . −4 −2 2 −2 2 . . . . 4 . −2
X.32 −2 2 −2 −2 −2 −2 −6 −6 −6 −6 2 2 −2 2 2 2 2 2 −6 −2 −2 −2 2 2 2
X.33 2 2 2 −2 −2 2 6 6 6 6 2 2 2 −2 2 2 2 2 6 2 2 2 −2 −2 2
X.34 . −2 . 10 −10 . −2 2 2 −2 2 2 . 4 −2 2 −2 2 . . . . −4 . −2
X.35 −2 2 −2 −2 −2 6 −2 −2 −2 −2 2 2 −2 2 2 2 2 2 2 −2 6 −2 2 6 2
X.36 2 2 2 −2 −2 −6 2 2 2 2 2 2 2 −2 2 2 2 2 −2 2 −6 2 −2 −6 2
X.37 . 4 . 12 −12 . . . . . −4 −4 . . 4 −4 4 −4 . . . . . . 4
X.38 . . . −8 8 . 4 −4 −4 4 . . . 8 . . . . . . . . −8 . .
X.39 . . . −8 8 −8 . . . . . . . . . . . . . . 8 . . −8 .
X.40 . . . −8 8 8 . . . . . . . . . . . . . . −8 . . 8 .
X.41 . . . −8 8 . −4 4 4 −4 . . . −8 . . . . . . . . 8 . .
X.42 1 −3 1 −3 −3 −3 −3 −3 −3 −3 1 1 1 9 −3 −3 1 1 1 1 −3 1 9 −3 1
X.43 −3 5 −3 −3 −3 1 −3 −3 −3 −3 −3 −3 5 1 5 5 1 1 5 5 1 −3 1 −3 −3
X.44 1 −3 1 −3 −3 5 −3 −3 −3 −3 5 5 −7 −3 −3 −3 1 1 1 −7 5 1 −3 −3 5
X.45 9 1 9 −3 −3 1 −3 −3 −3 −3 −3 −3 1 1 1 1 1 1 −3 1 1 9 1 −3 −3
X.46 1 1 1 −3 −3 −3 −3 −3 −3 −3 −3 −3 1 −3 1 1 −3 −3 5 1 −3 1 −3 −3 −3
X.47 −1 −3 −1 −3 −3 −5 3 3 3 3 5 5 7 3 −3 −3 1 1 −1 7 −5 −1 3 3 5
X.48 −1 −3 −1 −3 −3 3 3 3 3 3 1 1 −1 −9 −3 −3 1 1 −1 −1 3 −1 −9 3 1
X.49 3 5 3 −3 −3 −1 3 3 3 3 −3 −3 −5 −1 5 5 1 1 −5 −5 −1 3 −1 3 −3
X.50 −1 1 −1 −3 −3 3 3 3 3 3 −3 −3 −1 3 1 1 −3 −3 −5 −1 3 −1 3 3 −3
X.51 −9 1 −9 −3 −3 −1 3 3 3 3 −3 −3 −1 −1 1 1 1 1 3 −1 −1 −9 −1 3 −3
X.52 3 −3 3 −3 −3 −5 3 3 3 3 1 1 −5 −1 −3 −3 −3 −3 3 −5 −5 3 −1 3 1
X.53 −1 1 −1 −3 −3 −5 3 3 3 3 1 1 7 −1 1 1 −3 −3 −5 7 −5 −1 −1 3 1
X.54 −3 1 −3 −3 −3 1 −3 −3 −3 −3 1 1 5 −3 1 1 5 5 1 5 1 −3 −3 −3 1
X.55 −3 −3 −3 −3 −3 5 −3 −3 −3 −3 1 1 5 1 −3 −3 −3 −3 −3 5 5 −3 1 −3 1
X.56 1 1 1 −3 −3 5 −3 −3 −3 −3 1 1 −7 1 1 1 −3 −3 5 −7 5 1 1 −3 1
X.57 3 1 3 −3 −3 −1 3 3 3 3 1 1 −5 3 1 1 5 5 −1 −5 −1 3 3 3 1
X.58 . 4 . 4 −4 . . . . . −4 −4 . . 4 −4 −4 4 . . . . . 4 4
X.59 . −4 . 4 −4 8 . . . . 4 4 . . −4 4 4 −4 . . −8 . . −4 −4
X.60 . 4 . 4 −4 . . . . . −4 −4 . . 4 −4 −4 4 . . . . . −4 4
X.61 . −4 . 4 −4 −8 . . . . 4 4 . . −4 4 4 −4 . . 8 . . 4 −4
X.62 12 . −12 . . . 2 2 −2 −2 . . . . . . . . . . . . . . .
X.63 −12 . 12 . . . −2 −2 2 2 . . . . . . . . . . . . . . .
X.64 4 . −4 . . . 6 6 −6 −6 . . . . . . . . . . . . . . .
X.65 −4 . 4 . . . −6 −6 6 6 . . . . . . . . . . . . . . .
X.66 . 2 . −2 2 . −6 6 6 −6 6 6 . −4 2 −2 2 −2 . . . . 4 . −6
X.67 . −6 . −2 2 . 6 −6 −6 6 −2 −2 . 4 −6 6 −6 6 . . . . −4 . 2
X.68 . 2 . −2 2 . 6 −6 −6 6 6 6 . 4 2 −2 2 −2 . . . . −4 . −6
X.69 −2 −2 −2 −6 −6 6 6 6 6 6 −2 −2 −2 2 −2 −2 −2 −2 −6 −2 6 −2 2 −6 −2
X.70 . −6 . −2 2 . −6 6 6 −6 −2 −2 . −4 −6 6 −6 6 . . . . 4 . 2
X.71 . 2 . −2 2 −4 6 −6 −6 6 2 2 . −4 2 −2 −2 2 . . 4 . 4 . −2
X.72 . 2 . −2 2 −4 −6 6 6 −6 2 2 . 4 2 −2 −2 2 . . 4 . −4 . −2
X.73 2 −2 2 −6 −6 −6 −6 −6 −6 −6 −2 −2 2 −2 −2 −2 −2 −2 6 2 −6 2 −2 6 −2
X.74 . 2 . −2 2 4 6 −6 −6 6 2 2 . −4 2 −2 −2 2 . . −4 . 4 . −2
X.75 . 2 . −2 2 4 −6 6 6 −6 2 2 . 4 2 −2 −2 2 . . −4 . −4 . −2
X.76 . . . . . . 4 −4 4 −4 . . . . . . . . . . . . . . .
X.77 . . . . . . −4 4 −4 4 . . . . . . . . . . . . . . .
X.78 −4 4 −4 . . . . . . . . . 4 . −4 −4 . . . −4 . 4 . . .
X.79 4 8 4 . . . . . . . . . 4 . . . −4 −4 4 −4 . −4 . . .
X.80 . . . 8 −8 8 . . . . . . . . . . . . . . −8 . . −8 .
X.81 4 4 4 . . . . . . . . . −4 . −4 −4 . . . 4 . −4 . . .
X.82 −4 8 −4 . . . . . . . . . −4 . . . −4 −4 −4 4 . 4 . . .
X.83 4 −8 4 . . . . . . . . . 4 . . . −4 −4 −4 −4 . −4 . . .
X.84 −4 4 −4 . . . . . . . . . 4 . −4 −4 . . . −4 . 4 . . .
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Character table of D(Co2) (continued)
2 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 2 7 5 5 5 5 5 6 5 5 5 5 5
3 . . . . . . . . . . . . . . . . 2 2 2 2 2 2 1 1 1 1 1 1
5 . . . . . . . . . . . . . . . 1 . . . . . . . . . . . .
446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 5a 6a 6b 6c 6d 6e 6f 6g 6h 6i 6j 6k 6l
2P 2h 2l 2t 2t 2t 2g 2t 2t 2g 2t 2t 2t 2q 2q 2h 5a 3a 3b 3b 3b 3a 3a 3a 3b 3b 3a 3a 3b
3P 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 5a 2a 2c 2b 2a 2b 2c 2d 2g 2i 2j 2h 2f
5P 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 1a 6a 6b 6c 6d 6e 6f 6g 6h 6i 6j 6k 6l
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 −1 1 −1 −1 1 −1 −1 1 1 1 1 1 −1 1 1 1 1 1 1 1 1 1 1 1−1 1 1
X.3 −1 3 −1 1 1 1 1 1 1 −1 −1 −1 1 3 1 . 2 −1−1 −1 2 2 2 −1 −1 . 2−1
X.4 −3 1 −1 −1 −1 1 −1 −1 1 −1 −1 −1 1 1 1 . −1 2 2 2−1 −1−1 2 2 1 −1 2
X.5 3 −1 −1 1 1 1 1 1 1 −1 −1 −1 1 −1 1 . −1 2 2 2−1 −1−1 2 2−1 −1 2
X.6 1 −3 −1 −1 −1 1 −1 −1 1 −1 −1 −1 1 −3 1 . 2 −1−1 −1 2 2 2 −1 −1 . 2−1
X.7 . . . 2 −2 . 2 −2 . . . . −2 . 2 1 . −3−3 3 . . . −1 −1 . . 1
X.8 . . . −2 2 . −2 2 . . . . −2 . 2 1 . −3−3 3 . . . −1 −1 . . 1
X.9 −3 −3 1 1 1 1 1 1 1 1 1 1 1 −3 1−1 . . . . . . . . . . . .
X.10 3 3 1 −1 −1 1 −1 −1 1 1 1 1 1 3 1−1 . . . . . . . . . . . .
X.11 2 −2 . . . −2 . . −2 . . . −2 −2 −2 . 1 1 1 1 1 1 1 1 1 1 1 1
X.12 . . 2 . . . . . . −2 2 −2 2 . 2 . 1 −1−1 1−1 −1 1 1 1 1 1−1
X.13 −2 2 . . . −2 . . −2 . . . −2 2 −2 . 1 1 1 1 1 1 1 1 1−1 1 1
X.14 . . −2 . . . . . . 2 −2 2 2 . 2 . 1 −1−1 1−1 −1 1 1 1 1 1−1
X.15 . . −2 . . . . . . 2 −2 2 2 . 2 . 1 −1−1 1−1 −1 1 1 1−1 1−1
X.16 . . 2 . . . . . . −2 2 −2 2 . 2 . 1 −1−1 1−1 −1 1 1 1−1 1−1
X.17 −1 −1 1 1 1 3 1 1 3 1 1 1 −1 −1 −1 . 3 . . . 3 3 3 . . 1 −1 .
X.18 1 −3 −1 1 1 −1 1 1 −1 −1 −1 −1 −1 1 −1 . 3 . . . 3 3 3 . . −1 −1 .
X.19 −1 3 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 . 3 . . . 3 3 3 . . 1 −1 .
X.20 1 1 1 −1 −1 3 −1 −1 3 1 1 1 −1 1 −1 . 3 . . . 3 3 3 . . −1 −1 .
X.21 1 1 1 −1 −1 −1 −1 −1 −1 1 1 1 −1 1 3 . . 3 3 3 . . . −1 −1 . . −1
X.22 −3 1 −1 1 1 −1 1 1 −1 −1 −1 −1 3 1 −1 . . 3 3 3 . . . −1 −1 . . −1
X.23 −1 −1 1 1 1 −1 1 1 −1 1 1 1 −1 −1 3 . . 3 3 3 . . . −1 −1 . . −1
X.24 3 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 3 −1 −1 . . 3 3 3 . . . −1 −1 . . −1
X.25 . . 2 2 −2 2 −2 2 −2 2 −2 −2 . . . 1 −4 1 −1 −1 2 −2 . 1 −1 2 . 1
X.26 . . 2 −2 2 2 2 −2 −2 2 −2 −2 . . . 1 −4 1 −1 −1 2 −2 . 1 −1−2 . 1
X.27 . . . . . . . . . . . . . . . 1 −2 −2−2 −2−2 −2−2 −2 −2 . −2−2
X.28 . . . . . . . . . . . . −4 . −4 . 2 −2−2 2−2 −2 2 2 2 . 2−2
X.29 . . . . . . . . . . . . . . . −1 . −3−3 3 . . . −1 −1 . . 1
X.30 . . . . . . . . . . . . . . . −1 . −3−3 3 . . . −1 −1 . . 1
X.31 . . . 2 −2 . 2 −2 . . . . −2 . 2 . . 3 3 −3 . . . 1 1 . . −1
X.32 2 −2 . . . 2 . . 2 . . . −2 2 −2 . −3 . . . −3 −3−3 . . 1 1 .
X.33 −2 2 . . . 2 . . 2 . . . −2 −2 −2 . −3 . . . −3 −3−3 . . −1 1 .
X.34 . . . −2 2 . −2 2 . . . . −2 . 2 . . 3 3 −3 . . . 1 1 . . −1
X.35 2 −2 . . . −2 . . −2 . . . 2 −2 2 . . −3−3 −3 . . . 1 1 . . 1
X.36 −2 2 . . . −2 . . −2 . . . 2 2 2 . . −3−3 −3 . . . 1 1 . . 1
X.37 . . . . . . . . . . . . 4 . −4 1 . . . . . . . . . . . .
X.38 . . . . . . . . . . . . . . . . −2 −1−1 1 2 2−2 1 1 . −2−1
X.39 . . . . . . . . . . . . . . . . 1 2 2 −2−1 −1 1 −2 −2 1 1 2
X.40 . . . . . . . . . . . . . . . . 1 2 2 −2−1 −1 1 −2 −2−1 1 2
X.41 . . . . . . . . . . . . . . . . −2 −1−1 1 2 2−2 1 1 . −2−1
X.42 1 1 −1 −1 −1 1 −1 −1 1 −1 −1 −1 −3 1 1 . . . . . . . . . . . . .
X.43 −7 −3 −1 −1 −1 −3 −1 −1 −3 −1 −1 −1 −3 1 1 . . . . . . . . . . . . .
X.44 5 1 −1 −1 −1 1 −1 −1 1 −1 −1 −1 1 1 −3 . . . . . . . . . . . . .
X.45 1 1 −1 −1 −1 1 −1 −1 1 −1 −1 −1 1 −3 1 . . . . . . . . . . . . .
X.46 5 1 1 1 1 1 1 1 1 1 1 1 1 1 −3 . . . . . . . . . . . . .
X.47 −5 −1 −1 1 1 1 1 1 1 −1 −1 −1 1 −1 −3 . . . . . . . . . . . . .
X.48 −1 −1 −1 1 1 1 1 1 1 −1 −1 −1 −3 −1 1 . . . . . . . . . . . . .
X.49 7 3 −1 1 1 −3 1 1 −3 −1 −1 −1 −3 −1 1 . . . . . . . . . . . . .
X.50 −5 −1 1 −1 −1 1 −1 −1 1 1 1 1 1 −1 −3 . . . . . . . . . . . . .
X.51 −1 −1 −1 1 1 1 1 1 1 −1 −1 −1 1 3 1 . . . . . . . . . . . . .
X.52 −1 −5 1 −1 −1 −3 −1 −1 −3 1 1 1 1 3 1 . . . . . . . . . . . . .
X.53 7 −1 1 −1 −1 1 −1 −1 1 1 1 1 −3 −1 1 . . . . . . . . . . . . .
X.54 5 −3 1 1 1 −3 1 1 −3 1 1 1 1 1 −3 . . . . . . . . . . . . .
X.55 1 5 1 1 1 −3 1 1 −3 1 1 1 1 −3 1 . . . . . . . . . . . . .
X.56 −7 1 1 1 1 1 1 1 1 1 1 1 −3 1 1 . . . . . . . . . . . . .
X.57 −5 3 1 −1 −1 −3 −1 −1 −3 1 1 1 1 −1 −3 . . . . . . . . . . . . .
X.58 . . . . . . . . . . . . . −4 . . 3 . . . −3 −3 3 . . −1 −1 .
X.59 . . . . . . . . . . . . . −4 . . 3 . . . −3 −3 3 . . 1 −1 .
X.60 . . . . . . . . . . . . . 4 . . 3 . . . −3 −3 3 . . 1 −1 .
X.61 . . . . . . . . . . . . . 4 . . 3 . . . −3 −3 3 . . −1 −1 .
X.62 . . −2 −2 2 2 2 −2 −2 −2 2 2 . . . . −8 −1 1 1 4 −4 . −1 1 . . −1
X.63 . . −2 2 −2 2 −2 2 −2 −2 2 2 . . . . −8 −1 1 1 4 −4 . −1 1 . . −1
X.64 . . −2 2 −2 2 −2 2 −2 −2 2 2 . . . . 4 2 −2 −2−2 2 . 2 −2−2 . 2
X.65 . . −2 −2 2 2 2 −2 −2 −2 2 2 . . . . 4 2 −2 −2−2 2 . 2 −2 2 . 2
X.66 . . . −2 2 . −2 2 . . . . 2 . −2 . . . . . . . . . . . . .
X.67 . . . −2 2 . −2 2 . . . . 2 . −2 . . . . . . . . . . . . .
X.68 . . . 2 −2 . 2 −2 . . . . 2 . −2 . . . . . . . . . . . . .
X.69 2 −2 . . . 2 . . 2 . . . 2 2 2 . . . . . . . . . . . . .
X.70 . . . 2 −2 . 2 −2 . . . . 2 . −2 . . . . . . . . . . . . .
X.71 . . 2 . . . . . . −2 2 −2 −2 −4 −2 . . . . . . . . . . . . .
X.72 . . −2 . . . . . . 2 −2 2 −2 −4 −2 . . . . . . . . . . . . .
X.73 −2 2 . . . 2 . . 2 . . . 2 −2 2 . . . . . . . . . . . . .
X.74 . . −2 . . . . . . 2 −2 2 −2 4 −2 . . . . . . . . . . . . .
X.75 . . 2 . . . . . . −2 2 −2 −2 4 −2 . . . . . . . . . . . . .
X.76 . . . −4 −4 . 4 4 . . . . . . . 1 . −3 3 −3 . . . −1 1 . . 1
X.77 . . . 4 4 . −4 −4 . . . . . . . 1 . −3 3 −3 . . . −1 1 . . 1
X.78 . . . . . . . . . . . . . . . . 6 . . . . . −2 . . . −2 .
X.79 . . −2 2 2 . 2 2 . −2 −2 −2 . . . . 6 . . . . . −2 . . −2 2 .
X.80 . . . . . . . . . . . . . . . . −3 . . . 3 3−3 . . −1 1 .
X.81 . . . . . . . . . . . . . . . . 6 . . . . . −2 . . . −2 .
X.82 . . −2 −2 −2 . −2 −2 . −2 −2 −2 . . . . 6 . . . . . −2 . . 2 2 .
X.83 . . 2 2 2 . 2 2 . 2 2 2 . . . . 6 . . . . . −2 . . 2 2 .
X.84 . . . . . . . . . . . . . . . . 6 . . . . . −2 . . . −2 .
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Character table of D(Co2) (continued)
2 5 5 4 4 4 4 4 8 9 9 8 8 8 8 8 8 7 7 7 7 7 7 7 7 7 6 6
3 1 1 1 1 1 1 1 1 . . . . . . . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . . .
6m 6n 6o 6p 6q 6r 6s 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 8q 8r 8s 8t
2P 3b 3a 3b 3b 3b 3a 3b 41 43 43 46 43 41 41 46 43 419 420 46 420 420 422 422 420 419 48 49
3P 2e 2k 2m 2n 2o 2s 2p 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 8q 8r 8s 8t
5P 6m 6n 6o 6p 6q 6r 6s 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 8q 8r 8s 8t
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 −1 −1−1 −1−1 −1 −1 1 1−1 1 1 −1 −1−1 −1 −1 1 1 −1 1 1 1 −1 1−1
X.3 −1 . −1−1 −1 . −1 3 1 1−1 1 1 −1 −1 3 1 1 1 −1 1 −1 −1 −1 1 −1 1
X.4 2 1 . . . 1 . 1 1 1−3 1 1 −3 −3 1 −1 −1 1 −1 −1 −1 −1 −1 −1 −1−1
X.5 2 −1 . . . −1 . −1 1 1 3 1 1 3 3−1 1 1 1 −1 1 −1 −1 −1 1 −1 1
X.6 −1 . 1 1 1 . 1 −3 1 1 1 1 1 1 1−3 −1 −1 1 −1 −1 −1 −1 −1 −1 −1−1
X.7 1 . 1 1 −1 . −1 . −2 2−2 2 −2 . 2 . . 2 . . −2 . . . . . .
X.8 1 . −1−1 1 . 1 . −2 2 2 2 −2 . −2 . . −2 . . 2 . . . . . .
X.9 . . . . . . . −3 1 1−3 1 1 −3 −3−3 1 1 1 1 1 1 1 1 1 1 1
X.10 . . . . . . . 3 1 1 3 1 1 3 3 3 −1 −1 1 1 −1 1 1 1 −1 1−1
X.11 1 1 −1−1 −1 1 −1 −2−2 −2 2 −2 −2 2 2−2 . . −2 . . . . . . . .
X.12 −1 1 1 1 −1−1 −1 −4 2 −2 2 −2 −2 . −2 . . . . −2 . . . 2 . . .
X.13 1 −1 1 1 1−1 1 2−2 −2−2 −2 −2−2 −2 2 . . −2 . . . . . . . .
X.14 −1 1 −1−1 1−1 1 −4 2 −2−2 −2 −2 . 2 . . . . 2 . . . −2 . . .
X.15 −1 −1 1 1 −1 1 −1 4 2 −2 2 −2 −2 . −2 . . . . 2 . . . −2 . . .
X.16 −1 −1 −1−1 1 1 1 4 2 −2−2 −2 −2 . 2 . . . . −2 . . . 2 . . .
X.17 . 1 . . . 1 . −1−1 −1−1 −1 −1−1 −1−1 1 1−1 1 1 1 1 1 1 1 1
X.18 . −1 . . . −1 . 1 3 3 1 −1 −1 1 1 1 1 1 3 −1 1 −1 −1 −1 1 −1 1
X.19 . 1 . . . 1 . −1 3 3−1 −1 −1−1 −1−1 −1 −1 3 −1 −1 −1 −1 −1 −1 −1−1
X.20 . −1 . . . −1 . 1−1 −1 1 −1 −1 1 1 1 −1 −1−1 1 −1 1 1 1 −1 1−1
X.21 −1 . −1−1 −1 . −1 −3−1 −1 1 −1 3 1 1 1 1 −1−1 1 −1 −1 −1 1 1 −1 1
X.22 −1 . −1−1 −1 . −1 −3 3 3 1 3 −1−3 1 1 −1 1−1 −1 1 1 1 −1 −1 1−1
X.23 −1 . 1 1 1 . 1 3−1 −1−1 −1 3 −1 −1−1 −1 1−1 1 1 −1 −1 1 −1 −1−1
X.24 −1 . 1 1 1 . 1 3 3 3−1 3 −1 3 −1−1 1 −1−1 −1 −1 1 1 −1 1 1 1
X.25 −1 −2 −1 1 1 . −1 . . . . . . . . . −2 . . . . −2 2 . 2 . .
X.26 −1 2 1−1 −1 . 1 . . . . . . . . . 2 . . . . −2 2 . −2 . .
X.27 −2 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.28 −2 . . . . . . . −4 4 . 4 4 . . . . . . . . . . . . . .
X.29 1 . −1−1 1 . 1 . . . −4 . . . 4 . . . . . . . . . . . .
X.30 1 . 1 1 −1 . −1 . . . 4 . . . −4 . . . . . . . . . . . .
X.31 −1 . −1−1 1 . 1 . −2 2 2 2 −2 . −2 . . 2 . . −2 . . . . . .
X.32 . 1 . . . 1 . 2 2 2 2 −2 −2 2 2 2 . . 2 . . . . . . . .
X.33 . −1 . . . −1 . −2 2 2−2 −2 −2−2 −2−2 . . 2 . . . . . . . .
X.34 −1 . 1 1 −1 . −1 . −2 2−2 2 −2 . 2 . . −2 . . 2 . . . . . .
X.35 1 . −1−1 −1 . −1 6 2 2−2 2 2 2 −2−2 . . −2 . . . . . . . .
X.36 1 . 1 1 1 . 1 −6 2 2 2 2 2 −2 2 2 . . −2 . . . . . . . .
X.37 . . . . . . . . 4 −4 . −4 4 . . . . . . . . . . . . . .
X.38 −1 . −1−1 1 . 1 . . . 4 . . . −4 . . . . . . . . . . . .
X.39 2 1 . . . −1 . 8 . . . . . . . . . . . . . . . . . . .
X.40 2 −1 . . . 1 . −8 . . . . . . . . . . . . . . . . . . .
X.41 −1 . 1 1 −1 . −1 . . . −4 . . . 4 . . . . . . . . . . . .
X.42 . . . . . . . −3−3 −3−3 −3 1 1 −3 1 1 −1 1 −1 −1 1 1 −1 1 1 1
X.43 . . . . . . . −3 1 1 1 −3 1 1 1 1 1 −1 1 −1 −1 1 1 −1 1 1 1
X.44 . . . . . . . −3 1 1 1 1 −3−3 1 1 1 −1−3 −1 −1 1 1 −1 1 1 1
X.45 . . . . . . . −3−3 −3 1 1 1 1 1−3 −1 −1−3 −1 −1 −1 −1 −1 −1 −1−1
X.46 . . . . . . . −3 1 1−3 1 −3 5 −3 1 −1 1 1 1 1 −1 −1 1 −1 −1−1
X.47 . . . . . . . 3 1 1−1 1 −3 3 −1−1 −1 1−3 −1 1 1 1 −1 −1 1−1
X.48 . . . . . . . 3−3 −3 3 −3 1 −1 3−1 −1 1 1 −1 1 1 1 −1 −1 1−1
X.49 . . . . . . . 3 1 1−1 −3 1 −1 −1−1 −1 1 1 −1 1 1 1 −1 −1 1−1
X.50 . . . . . . . 3 1 1 3 1 −3−5 3−1 1 −1 1 1 −1 −1 −1 1 1 −1 1
X.51 . . . . . . . 3−3 −3−1 1 1 −1 −1 3 1 1−3 −1 1 −1 −1 −1 1 −1 1
X.52 . . . . . . . 3 1 1−1 1 1 −1 −1 3 −1 −1 1 1 −1 1 1 1 −1 1−1
X.53 . . . . . . . 3 5 5−1 −3 1 −1 −1−1 1 −1−3 1 −1 −1 −1 1 1 −1 1
X.54 . . . . . . . −3−3 −3 1 1 −3−3 1 1 −1 1 1 1 1 −1 −1 1 −1 −1−1
X.55 . . . . . . . −3 1 1 1 1 1 1 1−3 1 1 1 1 1 1 1 1 1 1 1
X.56 . . . . . . . −3 5 5 1 −3 1 1 1 1 −1 1−3 1 1 −1 −1 1 −1 −1−1
X.57 . . . . . . . 3−3 −3−1 1 −3 3 −1−1 1 −1 1 1 −1 −1 −1 1 1 −1 1
X.58 . −1 . . . 1 . −4−4 4 . . . . . 4 . . . . . . . . . . .
X.59 . 1 . . . −1 . 4 4 −4 . . . . . 4 . . . . . . . . . . .
X.60 . 1 . . . −1 . 4−4 4 . . . . . −4 . . . . . . . . . . .
X.61 . −1 . . . 1 . −4 4 −4 . . . . . −4 . . . . . . . . . . .
X.62 1 . −1 1 1 . −1 . . . . . . . . . 2 . . . . 2 −2 . −2 . .
X.63 1 . 1−1 −1 . 1 . . . . . . . . . −2 . . . . 2 −2 . 2 . .
X.64 −2 2 . . . . . . . . . . . . . . −2 . . . . 2 −2 . 2 . .
X.65 −2 −2 . . . . . . . . . . . . . . 2 . . . . 2 −2 . −2 . .
X.66 . . . . . . . . −6 6 2 −2 2 . −2 . . −2 . . 2 . . . . . .
X.67 . . . . . . . . 2 −2−2 −2 2 . 2 . . −2 . . 2 . . . . . .
X.68 . . . . . . . . −6 6−2 −2 2 . 2 . . 2 . . −2 . . . . . .
X.69 . . . . . . . −6−2 −2−2 2 2 2 −2 2 . . 2 . . . . . . . .
X.70 . . . . . . . . 2 −2 2 −2 2 . −2 . . 2 . . −2 . . . . . .
X.71 . . . . . . . . 2 −2−2 2 2 . 2 4 . . . −2 . . . 2 . . .
X.72 . . . . . . . . 2 −2 2 2 2 . −2 4 . . . 2 . . . −2 . . .
X.73 . . . . . . . 6−2 −2 2 2 2 −2 2−2 . . 2 . . . . . . . .
X.74 . . . . . . . . 2 −2−2 2 2 . 2−4 . . . 2 . . . −2 . . .
X.75 . . . . . . . . 2 −2 2 2 2 . −2−4 . . . −2 . . . 2 . . .
X.76 −1 . 1−1 1 . −1 . . . . . . . . . . . . . . . . . . . .
X.77 −1 . −1 1 −1 . 1 . . . . . . . . . . . . . . . . . . . .
X.78 . . . . . −2 . . . . . . . . . . −2 . . . . −2 −2 . −2 2 2
X.79 . −2 . . . . . . . . . . . . . . . −2 . 2 −2 . . 2 . . .
X.80 . −1 . . . 1 . 8 . . . . . . . . . . . . . . . . . . .
X.81 . . . . . −2 . . . . . . . . . . 2 . . . . 2 2 . 2 −2−2
X.82 . 2 . . . . . . . . . . . . . . . 2 . 2 2 . . 2 . . .
X.83 . 2 . . . . . . . . . . . . . . . −2 . −2 −2 . . −2 . . .
X.84 . . . . . 2 . . . . . . . . . . −2 . . . . 2 2 . −2 −2 2
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Character table of D(Co2) (continued)
2 6 6 6 6 6 2 2 2 5 5 5 4 4 4 4 4 4 3 5 5 3
3 . . . . . . . . 1 1 1 1 1 1 1 1 1 1 . . 1
5 . . . . . 1 1 1 . . . . . . . . . . . . .
8u 8v 8w 8x 8y 10a 10b 10c 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 16a 16b 24a
2P 432 432 431 431 424 5a 5a 5a 6a 6g 6g 6h 6h 6h 6g 6g 6h 6k 8b 8c 12a
3P 8u 8v 8w 8x 8y 10a 10b 10c 41 44 45 427 428 429 47 42 430 444 16a 16b 8a
5P 8u 8v 8w 8x 8y 2b 2c 2a 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 16a 16b 24a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 1 −1 1 1 1 1 1 −1 −1 −1 −1 −1 −1 1 −1 −1 1 −1 −1
X.3 1 −1 −1 1 1 . . . 2 . . −1 −1 −1 . 2 −1 . −1 1 .
X.4 −1 −1 −1 −1 1 . . . −1 1 1 . . . 1 −1 . 1 −1 −1 1
X.5 1 −1 −1 1 1 . . . −1 −1 −1 . . . −1 −1 . −1 −1 1 −1
X.6 −1 −1 −1 −1 1 . . . 2 . . 1 1 1 . 2 1 . −1 −1 .
X.7 2 . . −2 . −1 −1 1 . . . 1 −1 −1 . . 1 . . . .
X.8 −2 . . 2 . −1 −1 1 . . . −1 1 1 . . −1 . . . .
X.9 1 1 1 1 1 −1 −1 −1 . . . . . . . . . . 1 1 .
X.10 −1 1 1 −1 1 −1 −1 −1 . . . . . . . . . . 1 −1 .
X.11 . . . . −2 . . . 1 1 1 −1 −1 −1 1 1 −1 1 . . 1
X.12 . 2 −2 . . . . . 1 −1 −1 −1 1 1 1 −1 −1 1 . . −1
X.13 . . . . −2 . . . 1 −1 −1 1 1 1 −1 1 1 −1 . . −1
X.14 . −2 2 . . . . . 1 −1 −1 1 −1 −1 1 −1 1 1 . . −1
X.15 . −2 2 . . . . . 1 1 1 −1 1 1 −1 −1 −1 −1 . . 1
X.16 . 2 −2 . . . . . 1 1 1 1 −1 −1 −1 −1 1 −1 . . 1
X.17 −1 −1 −1 −1 −1 . . . −1 1 1 . . . 1 −1 . −1 −1 −1 −1
X.18 −1 1 1 −1 −1 . . . −1 −1 −1 . . . −1 −1 . 1 1 −1 1
X.19 1 1 1 1 −1 . . . −1 1 1 . . . 1 −1 . −1 1 1 −1
X.20 1 −1 −1 1 −1 . . . −1 −1 −1 . . . −1 −1 . 1 −1 1 1
X.21 −1 1 1 −1 −1 . . . . . . 1 1 1 . . 1 . −1 1 .
X.22 1 −1 −1 1 −1 . . . . . . 1 1 1 . . 1 . 1 −1 .
X.23 1 1 1 1 −1 . . . . . . −1 −1 −1 . . −1 . −1 −1 .
X.24 −1 −1 −1 −1 −1 . . . . . . −1 −1 −1 . . −1 . 1 1 .
X.25 . . . . . 1 −1 −1 . −2 2 −1 −1 1 . . 1 . . . .
X.26 . . . . . 1 −1 −1 . 2 −2 1 1 −1 . . −1 . . . .
X.27 . . . . . 1 1 1 −2 . . . . . . −2 . . . . .
X.28 . . . . . . . . 2 . . . . . . −2 . . . . .
X.29 . . . . . 1 1 −1 . . . −1 1 1 . . −1 . . . .
X.30 . . . . . 1 1 −1 . . . 1 −1 −1 . . 1 . . . .
X.31 2 . . −2 . . . . . . . −1 1 1 . . −1 . . . .
X.32 . . . . −2 . . . 1 1 1 . . . 1 1 . −1 . . −1
X.33 . . . . −2 . . . 1 −1 −1 . . . −1 1 . 1 . . 1
X.34 −2 . . 2 . . . . . . . 1 −1 −1 . . 1 . . . .
X.35 . . . . −2 . . . . . . 1 1 1 . . 1 . . . .
X.36 . . . . −2 . . . . . . −1 −1 −1 . . −1 . . . .
X.37 . . . . . −1 −1 1 . . . . . . . . . . . . .
X.38 . . . . . . . . −2 . . 1 −1 −1 . 2 1 . . . .
X.39 . . . . . . . . 1 −1 −1 . . . 1 −1 . 1 . . −1
X.40 . . . . . . . . 1 1 1 . . . −1 −1 . −1 . . 1
X.41 . . . . . . . . −2 . . −1 1 1 . 2 −1 . . . .
X.42 −1 −1 −1 −1 1 . . . . . . . . . . . . . 1 1 .
X.43 1 1 1 1 1 . . . . . . . . . . . . . −1 −1 .
X.44 1 1 1 1 1 . . . . . . . . . . . . . −1 −1 .
X.45 1 1 1 1 1 . . . . . . . . . . . . . 1 1 .
X.46 1 1 1 1 1 . . . . . . . . . . . . . −1 −1 .
X.47 −1 1 1 −1 1 . . . . . . . . . . . . . −1 1 .
X.48 1 −1 −1 1 1 . . . . . . . . . . . . . 1 −1 .
X.49 −1 1 1 −1 1 . . . . . . . . . . . . . −1 1 .
X.50 −1 1 1 −1 1 . . . . . . . . . . . . . −1 1 .
X.51 −1 1 1 −1 1 . . . . . . . . . . . . . 1 −1 .
X.52 1 −1 −1 1 1 . . . . . . . . . . . . . −1 1 .
X.53 1 −1 −1 1 1 . . . . . . . . . . . . . 1 −1 .
X.54 −1 −1 −1 −1 1 . . . . . . . . . . . . . 1 1 .
X.55 −1 −1 −1 −1 1 . . . . . . . . . . . . . −1 −1 .
X.56 −1 −1 −1 −1 1 . . . . . . . . . . . . . 1 1 .
X.57 1 −1 −1 1 1 . . . . . . . . . . . . . 1 −1 .
X.58 . . . . . . . . −1 1 1 . . . −1 1 . 1 . . −1
X.59 . . . . . . . . −1 −1 −1 . . . 1 1 . −1 . . 1
X.60 . . . . . . . . −1 −1 −1 . . . 1 1 . −1 . . 1
X.61 . . . . . . . . −1 1 1 . . . −1 1 . 1 . . −1
X.62 . . . . . . . . . . . −1 −1 1 . . 1 . . . .
X.63 . . . . . . . . . . . 1 1 −1 . . −1 . . . .
X.64 . . . . . . . . . 2 −2 . . . . . . . . . .
X.65 . . . . . . . . . −2 2 . . . . . . . . . .
X.66 2 . . −2 . . . . . . . . . . . . . . . . .
X.67 2 . . −2 . . . . . . . . . . . . . . . . .
X.68 −2 . . 2 . . . . . . . . . . . . . . . . .
X.69 . . . . −2 . . . . . . . . . . . . . . . .
X.70 −2 . . 2 . . . . . . . . . . . . . . . . .
X.71 . −2 2 . . . . . . . . . . . . . . . . . .
X.72 . 2 −2 . . . . . . . . . . . . . . . . . .
X.73 . . . . −2 . . . . . . . . . . . . . . . .
X.74 . 2 −2 . . . . . . . . . . . . . . . . . .
X.75 . −2 2 . . . . . . . . . . . . . . . . . .
X.76 . . . . . −1 1 −1 . . . 1 −1 1 . . −1 . . . .
X.77 . . . . . −1 1 −1 . . . −1 1 −1 . . 1 . . . .
X.78 . . . . . . . . 2 2 2 . . . . . . . . . .
X.79 . . . . . . . . −2 . . . . . 2 . . . . . .
X.80 . . . . . . . . 1 1 1 . . . −1 −1 . 1 . . −1
X.81 . . . . . . . . 2 2 2 . . . . . . . . . .
X.82 . . . . . . . . −2 . . . . . −2 . . . . . .
X.83 . . . . . . . . −2 . . . . . −2 . . . . . .
X.84 . . . . . . . . 2 −2 −2 . . . . . . . . . .
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Character table of D(Co2) (continued)
2 18 18 14 14 17 16 16 14 14 14 14 14 15 13 13 13 13 14 13 11 12
3 2 2 2 2 1 1 1 1 1 1 1 1 . 1 1 1 1 . . 1 .
5 1 1 1 1 . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 2t
X.85 120 120 . . −8 24 24 . −8 . 24 24 −8 . . . . −8 −8 8 .
X.86 120 120 −120 −120 120 24 24 −24 −8−24 −8 −8 24 . . . . 24 −8 8 .
X.87 120 120 . . −8 24 24 . 8 . −32 −32 −8 −12 −12 −12 −12 8 . . 12
X.88 144 −144 −36 36 . 72 −72 36 . −36 24 −24 . −12 12 12 −12 . . . 4
X.89 144 −144 −36 36 . 72 −72 36 . −36 −24 24 . 12 −12 −12 12 . . . 4
X.90 160 −160 −40 40 . 80 −80 40 . −40 −16 16 . −8 8 8 −8 . . . −8
X.91 160 −160 40 −40 . 16 −16 −8 . 8 32 −32 . 16 −16 16 −16 . . . 8
X.92 160 −160 40 −40 . 16 −16 −8 . 8 32 −32 . −16 16 −16 16 . . . 8
X.93 160 −160 −40 40 . 80 −80 40 . −40 16 −16 . 8 −8 −8 8 . . . −8
X.94 160 −160 40 −40 . 16 −16 −8 . 8−32 32 . 16 −16 16 −16 . . . 8
X.95 160 −160 40 −40 . 16 −16 −8 . 8−32 32 . −16 16 −16 16 . . . 8
X.96 180 180 180 180 180 −12 −12 −12 −12 −12 12 12 −12 12 12 12 12 −12 12 12 4
X.97 180 180 180 180 180 −12 −12 −12 −12 −12 −12 −12 −12 12 12 12 12 −12 −12 −12 −4
X.98 180 180 180 180 180 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 −12 4
X.99 180 180 180 180 180 −12 −12 −12 −12 −12 12 12 −12 −12 −12 −12 −12 −12 12 12 −4
X.100 180 180 −180 −180 180 36 36 −36 −12 −36 . . 36 . . . . −28 . . −4
X.101 180 180 −180 −180 180 −60 −60 60 −12 60 . . −60 . . . . 4 . . −4
X.102 240 240 . . −16 48 48 . 16 . −16 −16 −16 −24 −24 −24 −24 16 −16 . 8
X.103 240 240 . . −16 48 48 . 16 . 16 16 −16 24 24 24 24 16 16 . 8
X.104 240 240 . . −16 48 48 . −16 . . . −16 . . . . −16 . −16 .
X.105 240 −240 −60 60 . −8 8 −4 . 4−24 24 . 28 −28 −28 28 . . . 12
X.106 240 −240 −60 60 . −8 8 −4 . 4 24 −24 . 20 −20 −20 20 . . . −4
X.107 240 −240 −60 60 . −8 8 −4 . 4 24 −24 . −28 28 28 −28 . . . 12
X.108 240 −240 −60 60 . −8 8 −4 . 4−24 24 . −20 20 20 −20 . . . −4
X.109 240 240 . . −16 48 48 . −16 . . . −16 . . . . −16 . 16 .
X.110 256 −256 −64 64 . 128 −128 64 . −64 . . . . . . . . . . .
X.111 320 −320 80 −80 . 32 −32 −16 . 16 . . . . . . . . . . −16
X.112 360 360 . . −24 −24 −24 . 24 . −24 −24 8 36 36 −12 −12 −8 8 . −4
X.113 360 360 . . −24 72 72 . −24 . −24 −24 −24 . . . . −24 8 24 .
X.114 360 360 . . −24 −24 −24 . 24 . −24 −24 8 −12 −12 36 36 −8 8 . −4
X.115 360 360 . . −24 72 72 . −24 . 24 24 −24 . . . . −24 −8 −24 .
X.116 360 360 . . −24 72 72 . 24 . 48 48 −24 −12 −12 −12 −12 24 16 . 4
X.117 360 360 . . −24 −24 −24 . 24 . 24 24 8 −36 −36 12 12 −8 −8 . −4
X.118 360 360 . . −24 72 72 . −24 . 24 24 −24 . . . . −24 −8 24 .
X.119 360 360 . . −24 −24 −24 . 24 . 24 24 8 12 12 −36 −36 −8 −8 . −4
X.120 360 360 . . −24 72 72 . −24 . −24 −24 −24 . . . . −24 8 −24 .
X.121 360 360 . . −24 −24 −24 . 24 . −24 −24 8 12 12 −36 −36 −8 8 . 12
X.122 360 360 . . −24 −24 −24 . 24 . −24 −24 8 −36 −36 12 12 −8 8 . 12
X.123 360 360 . . −24 −24 −24 . 24 . 24 24 8 −12 −12 36 36 −8 −8 . 12
X.124 360 360 . . −24 −24 −24 . 24 . 24 24 8 36 36 −12 −12 −8 −8 . 12
X.125 360 360 . . −24 72 72 . 24 . . . −24 −12 −12 −12 −12 24 32 . −12
X.126 360 360 . . −24 72 72 . 24 . . . −24 12 12 12 12 24 −32 . −12
X.127 360 360 . . −24 72 72 . 24 . −48 −48 −24 12 12 12 12 24 −16 . 4
X.128 384 −384 96 −96 . −64 64 32 . −32 . . . −32 32 −32 32 . . . .
X.129 384 −384 96 −96 . −64 64 32 . −32 . . . 32 −32 32 −32 . . . .
X.130 480 −480 120 −120 . −80 80 40 . −40 . . . −16 16 −16 16 . . . 8
X.131 480 −480 −120 120 . −16 16 −8 . 8−48 48 . 8 −8 −8 8 . . . 8
X.132 480 −480 −120 120 . −16 16 −8 . 8 48 −48 . −8 8 8 −8 . . . 8
X.133 480 −480 120 −120 . −80 80 40 . −40 . . . 16 −16 16 −16 . . . 8
X.134 576 −576 144 −144 . −96 96 48 . −48 . . . . . . . . . . −16
X.135 640 −640 160 −160 . 64 −64 −32 . 32 64 −64 . . . . . . . . .
X.136 640 −640 160 −160 . 64 −64 −32 . 32 . . . 32 −32 32 −32 . . . .
X.137 640 −640 160 −160 . 64 −64 −32 . 32 . . . −32 32 −32 32 . . . .
X.138 640 −640 160 −160 . 64 −64 −32 . 32 −64 64 . . . . . . . . .
X.139 720 720 . . −48 −48 −48 . −48 . 48 48 16 . . . . 16 −16 . .
X.140 720 720 . . −48 −48 −48 . −48 . −48 −48 16 . . . . 16 16 . .
X.141 720 720 . . −48 −48 −48 . 48 . . . 16 24 24 24 24 −16 . . −8
X.142 720 720 . . −48 −48 −48 . 48 . . . 16 −24 −24 −24 −24 −16 . . −8
X.143 720 720 . . −48 −48 −48 . −48 . . . 16 . . . . 16 . . .
X.144 720 −720 −180 180 . −24 24 −12 . 12 24 −24 . 36 −36 −36 36 . . . 4
X.145 720 −720 −180 180 . −24 24 −12 . 12 24 −24 . −12 12 12 −12 . . . −12
X.146 720 720 . . −48 −48 −48 . −48 . . . 16 . . . . 16 . . .
X.147 720 −720 −180 180 . −24 24 −12 . 12 −24 24 . 12 −12 −12 12 . . . −12
X.148 720 −720 −180 180 . −24 24 −12 . 12 −24 24 . −36 36 36 −36 . . . 4
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Character table of D(Co2) (continued)
2 12 12 11 11 7 5 14 13 14 12 12 13 11 12 12 12 12 12 12 12 12 12
3 . . . . 2 2 1 1 . 1 1 . 1 . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . .
2u 2v 2w 2x 3a 3b 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416
2P 1a 1a 1a 1a 3a 3b 2a 2d 2a 2d 2d 2d 2d 2e 2f 2d 2e 2d 2d 2a 2d 2d
3P 2u 2v 2w 2x 1a 1a 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416
5P 2u 2v 2w 2x 3a 3b 41 42 43 44 45 46 47 48 49 410 411 412 413 414 415 416
X.85 −8 . 8 8 6 . 8 . 8 −8 −8 . . 4 −4 −8 4 −8 . 8 −8 .
X.86 −8 . . . −3 . −8 8 24 8 8 −24 −8 . . . . . . −8 . .
X.87 −8 12 −4 4 6 . −8 . −8 . . . 8 8 . 4 8 −4 4 8 −4 4
X.88 . −4 . . . . . . . 12 −12 . . 4 4 4 −4−12 . . 12 .
X.89 . −4 . . . . . . . −12 12 . . 4 4 4 −4 12 . . −12 .
X.90 . 8 . . 4 1 . . . −8 8 . . −8 −8 −8 8 −8 . . 8 .
X.91 . −8 . . 4 1 . . . −16 16 . . 8 −8 −8 −8 . . . . .
X.92 . −8 . . 4 1 . . . −16 16 . . 8 −8 −8 −8 . . . . .
X.93 . 8 . . 4 1 . . . 8 −8 . . −8 −8 −8 8 8 . . −8 .
X.94 . −8 . . 4 1 . . . 16 −16 . . 8 −8 −8 −8 . . . . .
X.95 . −8 . . 4 1 . . . 16 −16 . . 8 −8 −8 −8 . . . . .
X.96 −4 4 −4 4 . . −12 −12 −12 12 12 −12 12 −4 −4 4 −4 −4 12 −4 −4 12
X.97 4 −4 −4 −4 . . −12 −12 −12 −12 −12 −12 −12 4 4 −4 4 −4 12 4 −4 12
X.98 4 4 4 4 . . −12 −12 −12 −12 −12 −12 −12 −4 −4 4 −4 4−12 4 4−12
X.99 −4 −4 4 −4 . . −12 −12 −12 12 12 −12 12 4 4 −4 4 4−12 −4 4−12
X.100 . −4 . 4 . . −12 12 −28 . . 28 . −4 4 4 −4 . . . . .
X.101 . −4 . 4 . . −12 12 4 . . −4 . 4 −4 4 4 . . . . .
X.102 . 8 −8 8 −6 . −16 . −16 . . . 16 . . 8 . −8 8 . −8 8
X.103 . 8 8 8 −6 . −16 . −16 . . . −16 . . 8 . 8 −8 . 8 −8
X.104 . . −16 . −6 . 16 . 16 16 16 . . 8 8 . 8 16 . . 16 .
X.105 . −12 . . . 3 . . . −12 12 . . −4 −4 12 4 −4 . . 4 .
X.106 . 4 . . . 3 . . . 12 −12 . . 12 12 −4−12 −12 . . 12 .
X.107 . −12 . . . 3 . . . 12 −12 . . −4 −4 12 4 4 . . −4 .
X.108 . 4 . . . 3 . . . −12 12 . . 12 12 −4−12 12 . . −12 .
X.109 . . 16 . −6 . 16 . 16 −16 −16 . . 8 8 . 8−16 . . −16 .
X.110 . . . . −8−2 . . . . . . . . . . . . . . . .
X.111 . 16 . . 8 2 . . . . . . . −16 16 16 16 . . . . .
X.112 . −4 −4 −4 . . −24 . 8 . . . . 8 . −4 8 −4 4 16 −4−12
X.113 8 . −8 −8 . . 24 . 24 −24 −24 . . −4 4 8 −4 8 . −8 8 .
X.114 . −4 −4 −4 . . −24 . 8 . . . . 8 . −4 8 −4−12 16 −4 4
X.115 −8 . 8 −8 . . 24 . 24 24 24 . . −4 4 8 −4 −8 . 8 −8 .
X.116 8 4 −4 −4 . . −24 . −24 . . . −24 8 . −4 8 −4 4 −8 −4 4
X.117 . −4 4 −4 . . −24 . 8 . . . . 8 . −4 8 4 −4−16 4 12
X.118 −8 . −8 8 . . 24 . 24 −24 −24 . . −4−12 −8 −4 8 . 8 8 .
X.119 . −4 4 −4 . . −24 . 8 . . . . 8 . −4 8 4 12 −16 4 −4
X.120 8 . 8 8 . . 24 . 24 24 24 . . −4−12 −8 −4 −8 . −8 −8 .
X.121 −16 12 4 −4 . . −24 . 8 . . . . −8 . −4 −8 4 12 . 4 −4
X.122 −16 12 4 −4 . . −24 . 8 . . . . −8 . −4 −8 4 −4 . 4 12
X.123 16 12 −4 −4 . . −24 . 8 . . . . −8 . −4 −8 −4−12 . −4 4
X.124 16 12 −4 −4 . . −24 . 8 . . . . −8 . −4 −8 −4 4 . −4−12
X.125 −8 −12 −4 −4 . . −24 . −24 . . . −24 −8 . −4 −8 −4 4 8 −4 4
X.126 8 −12 4 −4 . . −24 . −24 . . . 24 −8 . −4 −8 4 −4 −8 4 −4
X.127 −8 4 4 −4 . . −24 . −24 . . . 24 8 . −4 8 4 −4 8 4 −4
X.128 . . . . . 3 . . . . . . . . . . . . . . . .
X.129 . . . . . 3 . . . . . . . . . . . . . . . .
X.130 . −8 . . . −3 . . . . . . . −8 8 −8 8 . . . . .
X.131 . −8 . . . −3 . . . −24 24 . . 8 8 8 −8 8 . . −8 .
X.132 . −8 . . . −3 . . . 24 −24 . . 8 8 8 −8 −8 . . 8 .
X.133 . −8 . . . −3 . . . . . . . −8 8 −8 8 . . . . .
X.134 . 16 . . . . . . . . . . . 16 −16 16 −16 . . . . .
X.135 . . . . 4−2 . . . −32 32 . . . . . . . . . . .
X.136 . . . . −8 1 . . . . . . . . . . . . . . . .
X.137 . . . . −8 1 . . . . . . . . . . . . . . . .
X.138 . . . . 4−2 . . . 32 −32 . . . . . . . . . . .
X.139 −16 . . . . . 48 . −16 . . . . 8 −8 . 8 . . 16 . .
X.140 16 . . . . . 48 . −16 . . . . 8 −8 . 8 . . −16 . .
X.141 −16 −8 −8 8 . . −48 . 16 . . . . . . 8 . −8 −8−16 −8 −8
X.142 16 −8 8 8 . . −48 . 16 . . . . . . 8 . 8 8 16 8 8
X.143 . . . 16 . . 48 . −16 . . . . −8 24 −16 −8 . . . . .
X.144 . −4 . . . . . . . 12 −12 . . −12 −12 4 12 4 . . −4 .
X.145 . 12 . . . . . . . 12 −12 . . 4 4−12 −4 20 . . −20 .
X.146 . . . −16 . . 48 . −16 . . . . −8 −8 16 −8 . . . . .
X.147 . 12 . . . . . . . −12 12 . . 4 4−12 −4−20 . . 20 .
X.148 . −4 . . . . . . . −12 12 . . −12 −12 4 12 −4 . . 4 .
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Character table of D(Co2) (continued)
2 12 12 11 11 11 11 11 11 11 11 9 9 9 9 10 10 10 10 10 10 10 10 10 10 10
3 . . . . . . . . . . 1 1 1 1 . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . .
417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
2P 2f 2d 2e 2d 2e 2f 2e 2d 2d 2d 2g 2g 2g 2g 2h 2h 2e 2h 2e 2e 2d 2d 2d 2f 2d
3P 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
5P 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
X.85 −4 −8 12 . 4 4 4 . . . . . . . . . −4 . −4 −4 . . . 4 .
X.86 . . . . . . . 8 −8 −8 . . . . . . . . . . . . . . 8
X.87 . 4 . −4 −4 −8 −4 . . . . . . . . . −4 . . . −4 −4 4 4 .
X.88 −4 −4 . . −12 . 12 . . . 6 6 −6 −6 . . . . . . . . . . .
X.89 −4 −4 . . 12 . −12 . . . −6 −6 6 6 . . . . . . . . . . .
X.90 8 8 . . 8 . −8 . . . 4 4 −4 −4 . . . . . . . . . . .
X.91 8 8 . . . . . . . . −4 4 −4 4 . . . . . . . . . . .
X.92 8 8 . . . . . . . . 4 −4 4 −4 . . . . . . . . . . .
X.93 8 8 . . −8 . 8 . . . −4 −4 4 4 . . . . . . . . . . .
X.94 8 8 . . . . . . . . −4 4 −4 4 . . . . . . . . . . .
X.95 8 8 . . . . . . . . 4 −4 4 −4 . . . . . . . . . . .
X.96 −4 4 −4 4 −4 −4 −4 4 4 −4 . . . . −4 −4 −4 −4 −4 −4 4 4 −4 −4 −4
X.97 4 −4 4 −4 4 4 4 4 4 4 . . . . 4 4 4 −4 4 4 −4 −4 −4 4 4
X.98 −4 4 −4 4 4 −4 4 4 4 4 . . . . −4 −4 4 4 −4 −4 4 4 4 4 4
X.99 4 −4 4 −4 −4 4 −4 4 4 −4 . . . . 4 4 −4 4 4 4 −4 −4 4 −4 −4
X.100 4 4 4 −4 . −4 . −4 4 . . . . . −4 −4 . . −4 4 4 −4 . . .
X.101 −4 4 −4 −4 . 4 . −4 4 . . . . . −4 −4 . . 4 −4 4 −4 . . .
X.102 . 8 . 8 . . . . . . . . . . . . . . . . −8 −8 8 . .
X.103 . 8 . 8 . . . . . . . . . . . . . . . . −8 −8 −8 . .
X.104 8 . 8 . . 8 . . . . . . . . . . . . −8 −8 . . . . .
X.105 4 −12 . . −4 . 4 . . . 2 2 −2 −2 . . . . . . . . . . .
X.106 −12 4 . . 4 . −4 . . . −2 −2 2 2 . . . . . . . . . . .
X.107 4 −12 . . 4 . −4 . . . −2 −2 2 2 . . . . . . . . . . .
X.108 −12 4 . . −4 . 4 . . . 2 2 −2 −2 . . . . . . . . . . .
X.109 8 . 8 . . 8 . . . . . . . . . . . . −8 −8 . . . . .
X.110 . . . . . . . . . . . . . . . . . . . . . . . . .
X.111 −16 −16 . . . . . . . . . . . . . . . . . . . . . . .
X.112 . −4 . 12 4 −8 4 . . −8 . . . . −8 8 4 . . . 4 −4 4 −4 .
X.113 4 8 −12 . −4 −4 −4 . . . . . . . . . 4 . 4 4 . . . −4 .
X.114 . −4 . 12 4 −8 4 . . −8 . . . . 8 −8 4 . . . 4 −4 4 −4 .
X.115 4 8 −12 . 4 −4 4 . . . . . . . . . −4 . 4 4 . . . 4 .
X.116 . −4 . −12 4 −8 4 . . . . . . . . . 4 . . . 4 4 4 −4 .
X.117 . −4 . 12 −4 −8 −4 . . 8 . . . . −8 8 −4 . . . 4 −4 −4 4 .
X.118 −12 −8 4 . 4 −4 4 . . . . . . . . . −4 . 4 4 . . . 4 .
X.119 . −4 . 12 −4 −8 −4 . . 8 . . . . 8 −8 −4 . . . 4 −4 −4 4 .
X.120 −12 −8 4 . −4 −4 −4 . . . . . . . . . 4 . 4 4 . . . −4 .
X.121 . −4 . −4 4 8 4 . . 8 . . . . 8 −8 4 . . . 4 −4 −4 −4 .
X.122 . −4 . −4 4 8 4 . . 8 . . . . −8 8 4 . . . 4 −4 −4 −4 .
X.123 . −4 . −4 −4 8 −4 . . −8 . . . . 8 −8 −4 . . . 4 −4 4 4 .
X.124 . −4 . −4 −4 8 −4 . . −8 . . . . −8 8 −4 . . . 4 −4 4 4 .
X.125 . −4 . 4 −4 8 −4 . . . . . . . . . −4 . . . 4 4 4 4 .
X.126 . −4 . 4 4 8 4 . . . . . . . . . 4 . . . 4 4 −4 −4 .
X.127 . −4 . −12 −4 −8 −4 . . . . . . . . . −4 . . . 4 4 −4 4 .
X.128 . . . . . . . . . . −8 8 −8 8 . . . . . . . . . . .
X.129 . . . . . . . . . . 8 −8 8 −8 . . . . . . . . . . .
X.130 −8 8 . . . . . . . . −4 4 −4 4 . . . . . . . . . . .
X.131 −8 −8 . . −8 . 8 . . . 4 4 −4 −4 . . . . . . . . . . .
X.132 −8 −8 . . 8 . −8 . . . −4 −4 4 4 . . . . . . . . . . .
X.133 −8 8 . . . . . . . . 4 −4 4 −4 . . . . . . . . . . .
X.134 16 −16 . . . . . . . . . . . . . . . . . . . . . . .
X.135 . . . . . . . . . . . . . . . . . . . . . . . . .
X.136 . . . . . . . . . . −8 8 −8 8 . . . . . . . . . . .
X.137 . . . . . . . . . . 8 −8 8 −8 . . . . . . . . . . .
X.138 . . . . . . . . . . . . . . . . . . . . . . . . .
X.139 −8 . −8 . −8 8 −8 . . . . . . . . . 8 . −8 8 . . . −8 .
X.140 −8 . −8 . 8 8 8 . . . . . . . . . −8 . −8 8 . . . 8 .
X.141 . 8 . −8 . . . . . 16 . . . . . . . . . . −8 8 8 . .
X.142 . 8 . −8 . . . . . −16 . . . . . . . . . . −8 8 −8 . .
X.143 24 −16 −8 . . −8 . . . . . . . . . . . . 8 −8 . . . . .
X.144 12 −4 . . 4 . −4 . . . 6 6 −6 −6 . . . . . . . . . . .
X.145 −4 12 . . 4 . −4 . . . 6 6 −6 −6 . . . . . . . . . . .
X.146 −8 16 24 . . −8 . . . . . . . . . . . . 8 −8 . . . . .
X.147 −4 12 . . −4 . 4 . . . −6 −6 6 6 . . . . . . . . . . .
X.148 12 −4 . . −4 . 4 . . . −6 −6 6 6 . . . . . . . . . . .
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Character table of D(Co2) (continued)
2 10 10 8 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 2 7 5 5 5 5 5 6 5
3 . . 1 . . . . . . . . . . . . . . . . . 2 2 2 2 2 2 1 1
5 . . . . . . . . . . . . . . . . . . . 1 . . . . . . . .
442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 5a 6a 6b 6c 6d 6e 6f 6g 6h
2P 2e 2h 2h 2h 2h 2l 2t 2t 2t 2g 2t 2t 2g 2t 2t 2t 2q 2q 2h 5a 3a 3b 3b 3b 3a 3a 3a 3b
3P 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 5a 2a 2c 2b 2a 2b 2c 2d 2g
5P 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 1a 6a 6b 6c 6d 6e 6f 6g 6h
X.85 −4 . . . . . . . . . . . . . . . . . . . 6 . . . . . −2 .
X.86 . . 8 . . . . . . . . . . . . . . . . . −3 . . . 3 3−3 .
X.87 4 . . . . . 2 −2 −2 . −2 −2 . 2 2 2 . . . . 6 . . . . . −2 .
X.88 . . . . . . 2 −2 2 2 2 −2 −2 2 −2 −2 . . . −1 . . . . . . . .
X.89 . . . . . . 2 2 −2 2 −2 2 −2 2 −2 −2 . . . −1 . . . . . . . .
X.90 . . . . . . . . . −4 . . 4 . . . . . . . −4 1 −1 −1 2 −2 . 1
X.91 . . . . . . −4 . . . . . . 4 4 −4 . . . . −4−1 1 −1−2 2 . 1
X.92 . . . . . . 4 . . . . . . −4 −4 4 . . . . −4−1 1 −1−2 2 . 1
X.93 . . . . . . . . . −4 . . 4 . . . . . . . −4 1 −1 −1 2 −2 . 1
X.94 . . . . . . 4 . . . . . . −4 −4 4 . . . . −4−1 1 −1−2 2 . 1
X.95 . . . . . . −4 . . . . . . 4 4 −4 . . . . −4−1 1 −1−2 2 . 1
X.96 −4 −4 . −4 −4 4 . . . . . . . . . . . . . . . . . . . . . .
X.97 4 −4 . 4 −4 −4 . . . . . . . . . . . . . . . . . . . . . .
X.98 4 4 . −4 4 −4 . . . . . . . . . . . . . . . . . . . . . .
X.99 −4 4 . 4 4 4 . . . . . . . . . . . . . . . . . . . . . .
X.100 . . . 4 . . . . . . . . . . . . 4 . 4 . . . . . . . . .
X.101 . . . 4 . . . . . . . . . . . . −4 . 4 . . . . . . . . .
X.102 . . . . . . . . . . . . . . . . . . . . −6 . . . . . 2 .
X.103 . . . . . . . . . . . . . . . . . . . . −6 . . . . . 2 .
X.104 . . . . . . . . . . . . . . . . . . . . −6 . . . . . 2 .
X.105 . . . . . . 2 −2 2 −2 2 −2 2 2 −2 −2 . . . . . 3 −3 −3 . . . −1
X.106 . . . . . . −2 −2 2 −2 2 −2 2 −2 2 2 . . . . . 3 −3 −3 . . . −1
X.107 . . . . . . 2 2 −2 −2 −2 2 2 2 −2 −2 . . . . . 3 −3 −3 . . . −1
X.108 . . . . . . −2 2 −2 −2 −2 2 2 −2 2 2 . . . . . 3 −3 −3 . . . −1
X.109 . . . . . . . . . . . . . . . . . . . . −6 . . . . . 2 .
X.110 . . . . . . . . . . . . . . . . . . . 1 8−2 2 2−4 4 . −2
X.111 . . . . . . . . . . . . . . . . . . . . −8−2 2 −2−4 4 . 2
X.112 −4 . . . . . −2 −2 2 . −2 2 . 2 −2 2 . . . . . . . . . . . .
X.113 4 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.114 −4 . . . . . 2 2 −2 . 2 −2 . −2 2 −2 . . . . . . . . . . . .
X.115 −4 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.116 −4 . . . . . −2 −2 −2 . −2 −2 . −2 −2 −2 . . . . . . . . . . . .
X.117 4 . . . . . −2 2 −2 . 2 −2 . 2 −2 2 . . . . . . . . . . . .
X.118 −4 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.119 4 . . . . . 2 −2 2 . −2 2 . −2 2 −2 . . . . . . . . . . . .
X.120 4 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.121 −4 . . . . . −2 2 −2 . 2 −2 . 2 −2 2 . . . . . . . . . . . .
X.122 −4 . . . . . 2 −2 2 . −2 2 . −2 2 −2 . . . . . . . . . . . .
X.123 4 . . . . . −2 −2 2 . −2 2 . 2 −2 2 . . . . . . . . . . . .
X.124 4 . . . . . 2 2 −2 . 2 −2 . −2 2 −2 . . . . . . . . . . . .
X.125 4 . . . . . 2 2 2 . 2 2 . 2 2 2 . . . . . . . . . . . .
X.126 −4 . . . . . 2 −2 −2 . −2 −2 . 2 2 2 . . . . . . . . . . . .
X.127 4 . . . . . −2 2 2 . 2 2 . −2 −2 −2 . . . . . . . . . . . .
X.128 . . . . . . . . . . . . . . . . . . . −1 . −3 3 −3 . . . −1
X.129 . . . . . . . . . . . . . . . . . . . −1 . −3 3 −3 . . . −1
X.130 . . . . . . . −4 −4 . 4 4 . . . . . . . . . 3 −3 3 . . . 1
X.131 . . . . . . . . . −4 . . 4 . . . . . . . . −3 3 3 . . . 1
X.132 . . . . . . . . . −4 . . 4 . . . . . . . . −3 3 3 . . . 1
X.133 . . . . . . . 4 4 . −4 −4 . . . . . . . . . 3 −3 3 . . . 1
X.134 . . . . . . . . . . . . . . . . . . . 1 . . . . . . . .
X.135 . . . . . . . . . . . . . . . . . . . . −4 2 −2 2−2 2 . −2
X.136 . . . . . . . . . . . . . . . . . . . . 8−1 1 −1 4 −4 . 1
X.137 . . . . . . . . . . . . . . . . . . . . 8−1 1 −1 4 −4 . 1
X.138 . . . . . . . . . . . . . . . . . . . . −4 2 −2 2−2 2 . −2
X.139 8 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.140 −8 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.141 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.142 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.143 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.144 . . . . . . −2 2 −2 2 −2 2 −2 −2 2 2 . . . . . . . . . . . .
X.145 . . . . . . 2 −2 2 2 2 −2 −2 2 −2 −2 . . . . . . . . . . . .
X.146 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.147 . . . . . . 2 2 −2 2 −2 2 −2 2 −2 −2 . . . . . . . . . . . .
X.148 . . . . . . −2 −2 2 2 2 −2 −2 −2 2 2 . . . . . . . . . . . .
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Character table of D(Co2) (continued)
2 5 5 5 5 5 5 4 4 4 4 4 8 9 9 8 8 8 8 8 8 7 7 7 7 7 7 7
3 1 1 1 1 1 1 1 1 1 1 1 1 . . . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . . .
6i 6j 6k 6l 6m 6n 6o 6p 6q 6r 6s 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p
2P 3b 3a 3a 3b 3b 3a 3b 3b 3b 3a 3b 41 43 43 46 43 41 41 46 43 419 420 46 420 420 422 422
3P 2i 2j 2h 2f 2e 2k 2m 2n 2o 2s 2p 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p
5P 6i 6j 6k 6l 6m 6n 6o 6p 6q 6r 6s 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p
X.85 . . −2 . . . . . . 2 . . . . . . . . . . 2 . . . . −2 −2
X.86 . 1 1 . . 1 . . . −1 . −8 . . . . . . . . . . . . . . .
X.87 . −2 2 . . −2 . . . . . . . . . . . . . . . 2 . −2 2 . .
X.88 . . . . . . . . . . . . . . . . . . . . 2 . . . . −2 2
X.89 . . . . . . . . . . . . . . . . . . . . −2 . . . . −2 2
X.90−1 2 . 1 −1 −2 1−1 −1 . 1 . . . . . . . . . . . . . . . .
X.91−1 2 . −1 1 −2 1−1 1 . −1 . . . . . . . . . . . . . . . .
X.92−1 2 . −1 1 −2 −1 1 −1 . 1 . . . . . . . . . . . . . . . .
X.93−1 −2 . 1 −1 2 −1 1 1 . −1 . . . . . . . . . . . . . . . .
X.94−1 −2 . −1 1 2 1−1 1 . −1 . . . . . . . . . . . . . . . .
X.95−1 −2 . −1 1 2 −1 1 −1 . 1 . . . . . . . . . . . . . . . .
X.96 . . . . . . . . . . . . 4 4 . . . 4 . . . . . . . . .
X.97 . . . . . . . . . . . . −4 −4 . . . 4 . . . . . . . . .
X.98 . . . . . . . . . . . . 4 4 . . . −4 . . . . . . . . .
X.99 . . . . . . . . . . . . −4 −4 . . . −4 . . . . . . . . .
X.100 . . . . . . . . . . . . −4 4 . −4−4 . . . . . . . . . .
X.101 . . . . . . . . . . . . 4 −4 . 4−4 . . . . . . . . . .
X.102 . 2 −2 . . 2 . . . . . . . . . . . . . . . . . . . . .
X.103 . −2 −2 . . −2 . . . . . . . . . . . . . . . . . . . . .
X.104 . . 2 . . . . . . 2 . . . . . . . . . . . . . . . . .
X.105 1 . . −1 1 . 1−1 −1 . 1 . . . . . . . . . −2 . . . . 2 −2
X.106 1 . . −1 1 . −1 1 1 . −1 . . . . . . . . . −2 . . . . −2 2
X.107 1 . . −1 1 . −1 1 1 . −1 . . . . . . . . . 2 . . . . 2 −2
X.108 1 . . −1 1 . 1−1 −1 . 1 . . . . . . . . . 2 . . . . −2 2
X.109 . . 2 . . . . . . −2 . . . . . . . . . . . . . . . . .
X.110 2 . . −2 2 . . . . . . . . . . . . . . . . . . . . . .
X.111 −2 . . −2 2 . . . . . . . . . . . . . . . . . . . . . .
X.112 . . . . . . . . . . . . . . . . . . . . . 2 . −2 −2 . .
X.113 . . . . . . . . . . . . . . . . . . . . 2 . . . . −2 −2
X.114 . . . . . . . . . . . . . . . . . . . . . −2 . 2 2 . .
X.115 . . . . . . . . . . . . . . . . . . . . −2 . . . . −2 −2
X.116 . . . . . . . . . . . . . . . . . . . . . 2 . 2 2 . .
X.117 . . . . . . . . . . . . . . . . . . . . . −2 . −2 2 . .
X.118 . . . . . . . . . . . . . . . . . . . . −2 . . . . 2 2
X.119 . . . . . . . . . . . . . . . . . . . . . 2 . 2 −2 . .
X.120 . . . . . . . . . . . . . . . . . . . . 2 . . . . 2 2
X.121 . . . . . . . . . . . . . . . . . . . . . −2 . −2 2 . .
X.122 . . . . . . . . . . . . . . . . . . . . . 2 . 2 −2 . .
X.123 . . . . . . . . . . . . . . . . . . . . . 2 . −2 −2 . .
X.124 . . . . . . . . . . . . . . . . . . . . . −2 . 2 2 . .
X.125 . . . . . . . . . . . . . . . . . . . . . −2 . −2 −2 . .
X.126 . . . . . . . . . . . . . . . . . . . . . 2 . −2 2 . .
X.127 . . . . . . . . . . . . . . . . . . . . . −2 . 2 −2 . .
X.128 1 . . 1 −1 . 1−1 1 . −1 . . . . . . . . . . . . . . . .
X.129 1 . . 1 −1 . −1 1 −1 . 1 . . . . . . . . . . . . . . . .
X.130 −1 . . −1 1 . −1 1 −1 . 1 . . . . . . . . . . . . . . . .
X.131 −1 . . 1 −1 . −1 1 1 . −1 . . . . . . . . . . . . . . . .
X.132 −1 . . 1 −1 . 1−1 −1 . 1 . . . . . . . . . . . . . . . .
X.133 −1 . . −1 1 . 1−1 1 . −1 . . . . . . . . . . . . . . . .
X.134 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.135 2 −2 . 2 −2 2 . . . . . . . . . . . . . . . . . . . . .
X.136 −1 . . −1 1 . −1 1 −1 . 1 . . . . . . . . . . . . . . . .
X.137 −1 . . −1 1 . 1−1 1 . −1 . . . . . . . . . . . . . . . .
X.138 2 2 . 2 −2 −2 . . . . . . . . . . . . . . . . . . . . .
X.139 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.140 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.141 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.142 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.143 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.144 . . . . . . . . . . . . . . . . . . . . 2 . . . . −2 2
X.145 . . . . . . . . . . . . . . . . . . . . −2 . . . . 2 −2
X.146 . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.147 . . . . . . . . . . . . . . . . . . . . 2 . . . . 2 −2
X.148 . . . . . . . . . . . . . . . . . . . . −2 . . . . −2 2
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Character table of D(Co2) (continued)
2 7 7 6 6 6 6 6 6 6 2 2 2 5 5 5 4 4 4 4 4 4 3 5 5 3
3 . . . . . . . . . . . . 1 1 1 1 1 1 1 1 1 1 . . 1
5 . . . . . . . . . 1 1 1 . . . . . . . . . . . . .
8q 8r 8s 8t 8u 8v 8w 8x 8y 10a 10b 10c 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 16a 16b 24a
2P 420 419 48 49 432 432 431 431 424 5a 5a 5a 6a 6g 6g 6h 6h 6h 6g 6g 6h 6k 8b 8c 12a
3P 8q 8r 8s 8t 8u 8v 8w 8x 8y 10a 10b 10c 41 44 45 427 428 429 47 42 430 444 16a 16b 8a
5P 8q 8r 8s 8t 8u 8v 8w 8x 8y 2b 2c 2a 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 16a 16b 24a
X.85 . 2 2−2 . . . . . . . . 2 −2 −2 . . . . . . . . . .
X.86 . . . . . . . . . . . . 1 −1 −1 . . . 1 −1 . −1 . . 1
X.87 −2 . . . . . . . . . . . −2 . . . . . 2 . . . . . .
X.88 . −2 . . . . . . . −1 1 1 . . . . . . . . . . . . .
X.89 . 2 . . . . . . . −1 1 1 . . . . . . . . . . . . .
X.90 . . . . . . . . . . . . . −2 2 1 1 −1 . . −1 . . . .
X.91 . . . . . . . . . . . . . 2 −2 −1 1 −1 . . 1 . . . .
X.92 . . . . . . . . . . . . . 2 −2 1 −1 1 . . −1 . . . .
X.93 . . . . . . . . . . . . . 2 −2 −1 −1 1 . . 1 . . . .
X.94 . . . . . . . . . . . . . −2 2 −1 1 −1 . . 1 . . . .
X.95 . . . . . . . . . . . . . −2 2 1 −1 1 . . −1 . . . .
X.96 . . . . . . . . . . . . . . . . . . . . . . . . .
X.97 . . . . . . . . . . . . . . . . . . . . . . . . .
X.98 . . . . . . . . . . . . . . . . . . . . . . . . .
X.99 . . . . . . . . . . . . . . . . . . . . . . . . .
X.100 . . . . . . . . . . . . . . . . . . . . . . . . .
X.101 . . . . . . . . . . . . . . . . . . . . . . . . .
X.102 . . . . . . . . . . . . 2 . . . . . −2 . . . . . .
X.103 . . . . . . . . . . . . 2 . . . . . 2 . . . . . .
X.104 . . . . . . . . . . . . −2 −2 −2 . . . . . . . . . .
X.105 . 2 . . . . . . . . . . . . . −1 −1 1 . . 1 . . . .
X.106 . 2 . . . . . . . . . . . . . 1 1 −1 . . −1 . . . .
X.107 . −2 . . . . . . . . . . . . . 1 1 −1 . . −1 . . . .
X.108 . −2 . . . . . . . . . . . . . −1 −1 1 . . 1 . . . .
X.109 . . . . . . . . . . . . −2 2 2 . . . . . . . . . .
X.110 . . . . . . . . . 1 −1 −1 . . . . . . . . . . . . .
X.111 . . . . . . . . . . . . . . . . . . . . . . . . .
X.112 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.113 . 2 2−2 . . . . . . . . . . . . . . . . . . . . .
X.114 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.115 . −2 2 2 . . . . . . . . . . . . . . . . . . . . .
X.116 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.117 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.118 . −2 −2 2 . . . . . . . . . . . . . . . . . . . . .
X.119 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.120 . 2 −2−2 . . . . . . . . . . . . . . . . . . . . .
X.121 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.122 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.123 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.124 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.125 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.126 −2 . . . . . . . . . . . . . . . . . . . . . . . .
X.127 2 . . . . . . . . . . . . . . . . . . . . . . . .
X.128 . . . . . . . . . 1 −1 1 . . . 1 −1 1 . . −1 . . . .
X.129 . . . . . . . . . 1 −1 1 . . . −1 1 −1 . . 1 . . . .
X.130 . . . . . . . . . . . . . . . −1 1 −1 . . 1 . . . .
X.131 . . . . . . . . . . . . . . . 1 1 −1 . . −1 . . . .
X.132 . . . . . . . . . . . . . . . −1 −1 1 . . 1 . . . .
X.133 . . . . . . . . . . . . . . . 1 −1 1 . . −1 . . . .
X.134 . . . . . . . . . −1 1 −1 . . . . . . . . . . . . .
X.135 . . . . . . . . . . . . . −2 2 . . . . . . . . . .
X.136 . . . . . . . . . . . . . . . 1 −1 1 . . −1 . . . .
X.137 . . . . . . . . . . . . . . . −1 1 −1 . . 1 . . . .
X.138 . . . . . . . . . . . . . 2 −2 . . . . . . . . . .
X.139 . . . . . . . . . . . . . . . . . . . . . . . . .
X.140 . . . . . . . . . . . . . . . . . . . . . . . . .
X.141 . . . . . . . . . . . . . . . . . . . . . . . . .
X.142 . . . . . . . . . . . . . . . . . . . . . . . . .
X.143 . . . . . . . . . . . . . . . . . . . . . . . . .
X.144 . −2 . . . . . . . . . . . . . . . . . . . . . . .
X.145 . 2 . . . . . . . . . . . . . . . . . . . . . . .
X.146 . . . . . . . . . . . . . . . . . . . . . . . . .
X.147 . −2 . . . . . . . . . . . . . . . . . . . . . . .
X.148 . 2 . . . . . . . . . . . . . . . . . . . . . . .
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B.3. Character table of E3 = E(Co2) = 〈x, y, e〉
2 18 18 17 15 14 14 14 13 12 14 7 14 13 14 12 12 13 11 12 11 11 11
3 2 2 1 2 1 1 1 1 . . 2 1 1 . 1 1 . 1 . . . .
5 1 1 . 1 . . . . 1 . . . . . . . . . . . . .
7 1 . 1 . 1 1 . . . . . . . . . . . . . . . .
11 1 . . . . . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 2a 2b 2a 2b 2b 2b 2b 2a 2b 2b 2b
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 1a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k
7P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k
11P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 −1 −1 1 −1 −1 1 1 1 1 1 −1 −1 1 −1 −1 1 1 −1
X.3 21 21 21 21 −7 −7 5 −7 1 5 3 5 5 5 −7 −7 5 −7 1 5 5 1
X.4 21 21 21 21 7 7 5 7 −1 5 3 5 5 5 7 7 5 7 −1 5 5 −1
X.5 22 −10 6 −2 8 −8 6 . . −2 4 6 −6 −2 −4 4 2 . . 2 −2 .
X.6 22 −10 6 −2 −8 8 6 . . −2 4 6 −6 −2 4 −4 2 . . 2 −2 .
X.7 45 45 45 45 −3 −3 −3 −3 5 −3 . −3 −3 −3 −3 −3 −3 −3 5 −3 −3 5
X.8 45 45 45 45 −3 −3 −3 −3 5 −3 . −3 −3 −3 −3 −3 −3 −3 5 −3 −3 5
X.9 45 45 45 45 3 3 −3 3 −5 −3 . −3 −3 −3 3 3 −3 3 −5 −3 −3 −5
X.10 45 45 45 45 3 3 −3 3 −5 −3 . −3 −3 −3 3 3 −3 3 −5 −3 −3 −5
X.11 55 55 55 55 13 13 7 13 5 7 1 7 7 7 13 13 7 13 5 7 7 5
X.12 55 55 55 55 −13 −13 7 −13 −5 7 1 7 7 7−13 −13 7−13 −5 7 7 −5
X.13 99 99 99 99 15 15 3 15 −1 3 . 3 3 3 15 15 3 15 −1 3 3 −1
X.14 99 99 99 99 −15 −15 3 −15 1 3 . 3 3 3−15 −15 3−15 1 3 3 1
X.15 154 154 154 154 14 14 10 14 6 10 1 10 10 10 14 14 10 14 6 10 10 6
X.16 154 154 154 154 −14 −14 10 −14 −6 10 1 10 10 10 −14 −14 10 −14 −6 10 10 −6
X.17 210 210 210 210 −14 −14 2 −14 10 2 3 2 2 2−14 −14 2−14 10 2 2 10
X.18 210 210 210 210 14 14 2 14 −10 2 3 2 2 2 14 14 2 14 −10 2 2−10
X.19 231 39 7 −9 −21 −21 7 11 11 −9 6 23 15 7 −5 −5 −1 3 −5 −1 −1 3
X.20 231 39 7 −9 −35 −35 23 −3 −11 7 6 7 15 −9 −3 −3 −1 5 5 −1 −1 −3
X.21 231 231 231 231 −7 −7 7 −7 9 7 −3 7 7 7 −7 −7 7 −7 9 7 7 9
X.22 231 39 7 −9 35 35 23 3 11 7 6 7 15 −9 3 3 −1 −5 −5 −1 −1 3
X.23 231 39 7 −9 21 21 7 −11 −11 −9 6 23 15 7 5 5 −1 −3 5 −1 −1 −3
X.24 231 231 231 231 7 7 7 7 −9 7 −3 7 7 7 7 7 7 7 −9 7 7 −9
X.25 385 385 385 385 21 21 1 21 5 1 −2 1 1 1 21 21 1 21 5 1 1 5
X.26 385 385 385 385 −21 −21 1 −21 −5 1 −2 1 1 1−21 −21 1−21 −5 1 1 −5
X.27 440 −200 120 −40 −48 48 24 . . −8 8 24 −24 −8 24 −24 8 . . 8 −8 .
X.28 440 −200 120 −40 48 −48 24 . . −8 8 24 −24 −8−24 24 8 . . 8 −8 .
X.29 560 560 560 560 . . −16 . . −16 2−16 −16 −16 . . −16 . . −16 −16 .
X.30 770 −30 −14 10 84 −28 34 −4 20 −6 5−14 −10 10 . −8 −2 4 4 −2 2 −4
X.31 770 −350 210 −70 56 −56 18 . . −6 −4 18 −18 −6−28 28 6 . . 6 −6 .
X.32 770 −30 −14 10 28 −84 34 4 −20 −6 5−14 −10 10 8 . −2 −4 −4 −2 2 4
X.33 770 −30 −14 10 −84 28 34 4 −20 −6 5−14 −10 10 . 8 −2 −4 −4 −2 2 4
X.34 770 −30 −14 10 −28 84 34 −4 20 −6 5−14 −10 10 −8 . −2 4 4 −2 2 −4
X.35 770 −350 210 −70 −56 56 18 . . −6 −4 18 −18 −6 28 −28 6 . . 6 −6 .
X.36 924 156 28 −36 −84 −84 28 −20 −4 28 6 −4 12 −4 −4 −4 12 12 −4 −4 −4 −4
X.37 924 156 28 −36 −28 −28 −4 36 4 −4 6 28 12 28 −12 −12 12 4 4 −4 −4 4
X.38 924 156 28 −36 84 84 28 20 4 28 6 −4 12 −4 4 4 12 −12 4 −4 −4 4
X.39 924 156 28 −36 28 28 −4 −36 −4 −4 6 28 12 28 12 12 12 −4 −4 −4 −4 −4
X.40 990 −450 270 −90 −24 24 −18 . . 6 . −18 18 6 12 −12 −6 . . −6 6 .
X.41 990 −450 270 −90 −24 24 −18 . . 6 . −18 18 6 12 −12 −6 . . −6 6 .
X.42 990 −450 270 −90 24 −24 −18 . . 6 . −18 18 6−12 12 −6 . . −6 6 .
X.43 990 −450 270 −90 24 −24 −18 . . 6 . −18 18 6−12 12 −6 . . −6 6 .
X.44 1155 195 35 −45 63 63 35 31 15 19 −6 19 27 3 −1 −1 11 −9 −1 −5 −5 7
X.45 1155 195 35 −45 7 7 19 39 15 3 −6 35 27 19 −9 −9 11 −1 −1 −5 −5 7
X.46 1155 195 35 −45 −7 −7 19 −39 −15 3 −6 35 27 19 9 9 11 1 1 −5 −5 −7
X.47 1155 195 35 −45 −63 −63 35 −31 −15 19 −6 19 27 3 1 1 11 9 1 −5 −5 −7
X.48 1386 234 42 −54 42 42 −6 42 −14 26 . −6 −6 26 −6 −6 26 −6 18 −6 −6 2
X.49 1386 234 42 −54 −42 −42 −6 −42 14 26 . −6 −6 26 6 6 26 6−18 −6 −6 −2
X.50 1408 −640 384 −128 −64 64 . . . . 4 . . . 32 −32 . . . . . .
X.51 1408 −640 384 −128 64 −64 . . . . 4 . . . −32 32 . . . . . .
X.52 1540 −60 −28 20 . . −28 . . 20 10 68 −20 −12 . . −4 . . −4 4 .
X.53 1540 −700 420 −140 . . 36 . . −12 −8 36 −36 −12 . . 12 . . 12 −12 .
X.54 2772 −1260 756 −252 . . −12 . . 4 . −12 12 4 . . −4 . . −4 4 .
X.55 3080 −120 −56 40 56 56 40 −8 40 8 −7 40 −40 8 −8 −8 −8 8 8 −8 8 −8
X.56 3080 −120 −56 40 −112 112 40 . . 8 2 40 −40 8 −8 8 −8 . . −8 8 .
X.57 3080 −120 −56 40 −56 −56 40 8 −40 8 −7 40 −40 8 8 8 −8 −8 −8 −8 8 8
X.58 3080 −120 −56 40 112 −112 40 . . 8 2 40 −40 8 8 −8 −8 . . −8 8 .
X.59 3465 585 105 −135 105 105 9 9 25 25 . −39 −15 −23 9 9 1−15 −23 1 1 1
X.60 3465 585 105 −135 −105 −105 9 −9 −25 25 . −39 −15 −23 −9 −9 1 15 23 1 1 −1
X.61 3465 585 105 −135 63 63 −39 −33 −25 −23 . 9−15 25 15 15 1 −9 23 1 1 −1
X.62 3465 585 105 −135 63 63 9 −33 15 −39 . 57 33 9 15 15 −15 −9 −1 1 1 7
X.63 3465 585 105 −135 −105 −105 57 −9 15 9 . 9 33 −39 −9 −9−15 15 −1 1 1 7
X.64 3465 585 105 −135 −63 −63 −39 33 25 −23 . 9−15 25 −15 −15 1 9−23 1 1 1
X.65 3465 585 105 −135 105 105 57 9 −15 9 . 9 33 −39 9 9−15 −15 1 1 1 −7
X.66 3465 585 105 −135 −63 −63 9 33 −15 −39 . 57 33 9−15 −15 −15 9 1 1 1 −7
X.67 4620 −180 −84 60 −112 −112 44 16 . −4 3−52 4 28 16 16 −12 −16 . 4 −4 .
X.68 4620 −180 −84 60 112 112 44 −16 . −4 3−52 4 28 −16 −16 −12 16 . 4 −4 .
X.69 4620 −180 −84 60 56 56 −52 −8 −40 28 3 44 4 −4 −8 −8−12 8 −8 4 −4 8
X.70 4620 −180 −84 60 −56 −56 −52 8 40 28 3 44 4 −4 8 8−12 −8 8 4 −4 −8
X.71 6930 1170 210 −270 −42 −42 −30 −42 30 2 . −30 −30 2 6 6 2 6 −2 2 2 14
X.72 6930 1170 210 −270 42 42 −30 42 −30 2 . −30 −30 2 −6 −6 2 −6 2 2 2−14
X.73 6930 −270 −126 90 84 −252 18 12 20 −22 . −30 6 −6 24 . 14 −12 4 −2 2 −4
X.74 6930 −270 −126 90 −252 84 18 12 20 −22 . −30 6 −6 . 24 14 −12 4 −2 2 −4
X.75 6930 −270 −126 90 −84 252 18 −12 −20 −22 . −30 6 −6−24 . 14 12 −4 −2 2 4
X.76 6930 −270 −126 90 252 −84 18 −12 −20 −22 . −30 6 −6 . −24 14 12 −4 −2 2 4
X.77 9240 −360 −168 120 56 56 −8 −8 40 24 −3 −8 8 24 −8 −8−24 8 8 8 −8 −8
X.78 9240 −360 −168 120 −56 −56 −8 8 −40 24 −3 −8 8 24 8 8−24 −8 −8 8 −8 8
X.79 13860 −540 −252 180 . . −60 . . −12 . 36 12 −44 . . 28 . . −4 4 .
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Character table of E3 = E(Co2) (continued)
2 8 10 10 10 10 8 9 9 8 8 8 3 7 5 5 6 5 5 5 4 2 2 8 9 9 8 8 8 8 8
3 . . . . . 1 . . . . . . 2 2 2 1 1 1 1 1 . . 1 . . . . . . .
5 1 . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . .
7 . . . . . . . . . . . . . . . . . . . . 1 1 . . . . . . . .
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 5a 6a 6b 6c 6d 6e 6f 6g 6h 7a 7b 8a 8b 8c 8d 8e 8f 8g 8h
2P 2c 2f 2f 2f 2f 2f 2f 2f 2i 2f 2i 5a 3a 3a 3a 3a 3a 3a 3a 3a 7a 7b 4a 4c 4c 4f 4f 4a 4c 4c
3P 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 5a 2a 2c 2a 2b 2d 2f 2e 2g 7b 7a 8a 8b 8c 8d 8e 8f 8g 8h
5P 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 1a 6a 6b 6c 6d 6e 6f 6g 6h 7b 7a 8a 8b 8c 8d 8e 8f 8g 8h
7P 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 5a 6a 6b 6c 6d 6e 6f 6g 6h 1a 1a 8a 8b 8c 8d 8e 8f 8g 8h
11P 4l 4m 4n 4o 4p 4q 4r 4s 4t 4u 4v 5a 6a 6b 6c 6d 6e 6f 6g 6h 7a 7b 8a 8b 8c 8d 8e 8f 8g 8h
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 1 −1−1 −1 1−1 1 1 −1 1 1 1 1 1−1 1 −1−1 1 1 −1 1 1 −1−1 −1 1 −1
X.3 1 1 1 −3−3 1 1−3 1 1 1 1 3 3 3 3−1 −1 −1−1 . . 1 1 1 −3−3 −3 1 1
X.4 −1 1 1 3 3 −1 1 3 1 1 −1 1 3 3 3 3 1 −1 1 1 . . −1 1 1 3 3 3 1 −1
X.5 . 2 2 −4 4 . −2 . −2 2 . 2 −4 −2 2 . 2 . −2 . 1 1 . 2 −2 −2 2 . 2 .
X.6 . 2 2 4−4 . −2 . −2 2 . 2 −4 −2 2 . −2 . 2 . 1 1 . 2 −2 2−2 . 2 .
X.7 5 1 1 1 1 −3 1 1 1 1 −3 . . . . . . . . . A A¯ −3 1 1 1 1 1 1 −3
X.8 5 1 1 1 1 −3 1 1 1 1 −3 . . . . . . . . . A¯ A −3 1 1 1 1 1 1 −3
X.9 −5 1 1 −1−1 3 1−1 1 1 3 . . . . . . . . . A A¯ 3 1 1 −1−1 −1 1 3
X.10 −5 1 1 −1−1 3 1−1 1 1 3 . . . . . . . . . A¯ A 3 1 1 −1−1 −1 1 3
X.11 5 3 3 1 1 1 3 1 −1−1 1 . 1 1 1 1 1 1 1 1 −1−1 1 3 3 1 1 1−1 1
X.12 −5 3 3 −1−1 −1 3−1 −1−1 −1 . 1 1 1 1−1 1 −1−1 −1−1 −1 3 3 −1−1 −1−1 −1
X.13 −1 3 3 −1−1 3 3−1 −1−1 3−1 . . . . . . . . 1 1 3 3 3 −1−1 −1−1 3
X.14 1 3 3 1 1 −3 3 1 −1−1 −3−1 . . . . . . . . 1 1 −3 3 3 1 1 1−1 −3
X.15 6 −2−2 2 2 2 −2 2 2 2 2−1 1 1 1 1−1 1 −1−1 . . 2−2 −2 2 2 2 2 2
X.16 −6 −2−2 −2−2 −2 −2−2 2 2 −2−1 1 1 1 1 1 1 1 1 . . −2−2 −2 −2−2 −2 2 −2
X.17 10 −2−2 −2−2 2 −2−2 −2−2 2 . 3 3 3 3 1 −1 1 1 . . 2−2 −2 −2−2 −2−2 2
X.18−10 −2−2 2 2 −2 −2 2 −2−2 −2 . 3 3 3 3−1 −1 −1−1 . . −2−2 −2 2 2 2−2 −2
X.19 −1 −1−1 −5−5 3 −1 3 3−1 −1 1 6 . . −2 . −2 . 2 . . 3 3 3 −1−1 3 3 −1
X.20 1 3 3 −7−7 −3 3 1 −1 3 1 1 6 . . −2−2 2 −2 . . . −3−1 −1 1 1 1−1 1
X.21 9 −1−1 1 1 1 −1 1 −1−1 1 1 −3 −3−3 −3−1 1 −1−1 . . 1−1 −1 1 1 1−1 1
X.22 −1 3 3 7 7 3 3−1 −1 3 −1 1 6 . . −2 2 2 2 . . . 3−1 −1 −1−1 −1−1 −1
X.23 1 −1−1 5 5 −3 −1−3 3−1 1 1 6 . . −2 . −2 . −2 . . −3 3 3 1 1 −3 3 1
X.24 −9 −1−1 −1−1 −1 −1−1 −1−1 −1 1 −3 −3−3 −3 1 1 1 1 . . −1−1 −1 −1−1 −1−1 −1
X.25 5 1 1 −3−3 −3 1−3 1 1 −3 . −2 −2−2 −2 . −2 . . . . −3 1 1 −3−3 −3 1 −3
X.26 −5 1 1 3 3 3 1 3 1 1 3 . −2 −2−2 −2 . −2 . . . . 3 1 1 3 3 3 1 3
X.27 . . . 8−8 . . . . . . . −8 −4 4 . . . . . −1−1 . . . 4−4 . . .
X.28 . . . −8 8 . . . . . . . −8 −4 4 . . . . . −1−1 . . . −4 4 . . .
X.29 . . . . . . . . . . . . 2 2 2 2 . 2 . . . . . . . . . . . .
X.30 . 10 −6 −4 4 4 −2 . 2 2 . . −3 1−3 1 3 1 −1−1 . . −4−2 2 2−2 . −2 .
X.31 . 6 6 4−4 . −6 . 2−2 . . 4 2−2 . 2 . −2 . . . . 6 −6 2−2 . −2 .
X.32 . −6 10 −4 4 −4 −2 . 2 2 . . −3 1−3 1 1 1 −3 1 . . 4−2 2 2−2 . −2 .
X.33 . 10 −6 4−4 −4 −2 . 2 2 . . −3 1−3 1−3 1 1 1 . . 4−2 2 −2 2 . −2 .
X.34 . −6 10 4−4 4 −2 . 2 2 . . −3 1−3 1−1 1 3−1 . . −4−2 2 −2 2 . −2 .
X.35 . 6 6 −4 4 . −6 . 2−2 . . 4 2−2 . −2 . 2 . . . . 6 −6 −2 2 . −2 .
X.36 4 4 4 −4−4 . 4−4 . . . −1 6 . . −2 . −2 . −2 . . . −4 −4 . . 4 . .
X.37 −4 −4−4 −4−4 . −4−4 . . . −1 6 . . −2 2 2 2 . . . . 4 4 . . 4 . .
X.38 −4 4 4 4 4 . 4 4 . . . −1 6 . . −2 . −2 . 2 . . . −4 −4 . . −4 . .
X.39 4 −4−4 4 4 . −4 4 . . . −1 6 . . −2−2 2 −2 . . . . 4 4 . . −4 . .
X.40 . 2 2 −4 4 . −2 . −2 2 . . . . . . . . . . A A¯ . 2 −2 −2 2 . 2 .
X.41 . 2 2 −4 4 . −2 . −2 2 . . . . . . . . . . A¯ A . 2 −2 −2 2 . 2 .
X.42 . 2 2 4−4 . −2 . −2 2 . . . . . . . . . . A A¯ . 2 −2 2−2 . 2 .
X.43 . 2 2 4−4 . −2 . −2 2 . . . . . . . . . . A¯ A . 2 −2 2−2 . 2 .
X.44 −5 3 3 −1−1 3 3 7 3−1 −1 . −6 . . 2 . 2 . −2 . . 3−1 −1 −1−1 −1 3 −1
X.45 −5 −1−1 3 3 3 −1−5 −1 3 −1 . −6 . . 2−2 −2 −2 . . . 3 3 3 −1−1 3−1 −1
X.46 5 −1−1 −3−3 −3 −1 5 −1 3 1 . −6 . . 2 2 −2 2 . . . −3 3 3 1 1 −3−1 1
X.47 5 3 3 1 1 −3 3−7 3−1 1 . −6 . . 2 . 2 . 2 . . −3−1 −1 1 1 1 3 1
X.48 −6 −2−2 −2−2 −6 −2−2 −2−2 2 1 . . . . . . . . . . −6−2 −2 2 2 −2−2 2
X.49 6 −2−2 2 2 6 −2 2 −2−2 −2 1 . . . . . . . . . . 6−2 −2 −2−2 2−2 −2
X.50 . . . . . . . . . . . −2 −4 −2 2 . 2 . −2 . 1 1 . . . . . . . .
X.51 . . . . . . . . . . . −2 −4 −2 2 . −2 . 2 . 1 1 . . . . . . . .
X.52 . −4−4 . . . 4 . −4−4 . . −6 2−6 2 . 2 . . . . . 4 −4 . . . 4 .
X.53 . −4−4 . . . 4 . −4 4 . . 8 4−4 . . . . . . . . −4 4 . . . 4 .
X.54 . −4−4 . . . 4 . 4−4 . 2 . . . . . . . . . . . −4 4 . . . −4 .
X.55 . . . . . 8 . . . . . . 9 −5 3 1−1 1 −1 1 . . −8 . . . . . . .
X.56 . . . 8−8 . . . . . . . −6 4 . −2 2 −2 −2 . . . . . . −4 4 . . .
X.57 . . . . . −8 . . . . . . 9 −5 3 1 1 1 1−1 . . 8 . . . . . . .
X.58 . . . −8 8 . . . . . . . −6 4 . −2−2 −2 2 . . . . . . 4−4 . . .
X.59 5 1 1 −7−7 −3 1 1 1−3 1 . . . . . . . . . . . −3 5 5 1 1 1 1 1
X.60 −5 1 1 7 7 3 1−1 1−3 −1 . . . . . . . . . . . 3 5 5 −1−1 −1 1 −1
X.61 −5 5 5 −5−5 3 5 3 −3 1 −1 . . . . . . . . . . . 3 1 1 −1−1 3−3 −1
X.62 −5 1 1 −1−1 3 1−9 1−3 −1 . . . . . . . . . . . 3−3 −3 3 3 −1 1 −1
X.63 −5 −3−3 −5−5 3 −3 3 −3 1 −1 . . . . . . . . . . . 3 1 1 3 3 −5−3 −1
X.64 5 5 5 5 5 −3 5−3 −3 1 1 . . . . . . . . . . . −3 1 1 1 1 −3−3 1
X.65 5 −3−3 5 5 −3 −3−3 −3 1 1 . . . . . . . . . . . −3 1 1 −3−3 5−3 1
X.66 5 1 1 1 1 −3 1 9 1−3 1 . . . . . . . . . . . −3−3 −3 −3−3 1 1 1
X.67 . −4−4 . . 4 4 . . . −4 . 3 −3−3 3−1 −1 −1 1 . . −4 4 −4 . . . . 4
X.68 . −4−4 . . −4 4 . . . 4 . 3 −3−3 3 1 −1 1−1 . . 4 4 −4 . . . . −4
X.69 . 4 4 . . 4 −4 . . . 4 . 3 −3−3 3−1 −1 −1 1 . . −4−4 4 . . . . −4
X.70 . 4 4 . . −4 −4 . . . −4 . 3 −3−3 3 1 −1 1−1 . . 4−4 4 . . . . 4
X.71−10 −2−2 2 2 −6 −2 2 2 2 2 . . . . . . . . . . . −6−2 −2 −2−2 2 2 2
X.72 10 −2−2 −2−2 6 −2−2 2 2 −2 . . . . . . . . . . . 6−2 −2 2 2 −2 2 −2
X.73 . −6 10 4−4 . −2 . −2−2 4 . . . . . . . . . . . . −2 2 −2 2 . 2 −4
X.74 . 10 −6 −4 4 . −2 . −2−2 4 . . . . . . . . . . . . −2 2 2−2 . 2 −4
X.75 . −6 10 −4 4 . −2 . −2−2 −4 . . . . . . . . . . . . −2 2 2−2 . 2 4
X.76 . 10 −6 4−4 . −2 . −2−2 −4 . . . . . . . . . . . . −2 2 −2 2 . 2 4
X.77 . . . . . −8 . . . . . . −3 3 3 −3−1 1 −1 1 . . 8 . . . . . . .
X.78 . . . . . 8 . . . . . . −3 3 3 −3 1 1 1−1 . . −8 . . . . . . .
X.79 . −4−4 . . . 4 . 4 4 . . . . . . . . . . . . . 4 −4 . . . −4 .
SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co2 AND Fi22 73
Character table of E3 = E(Co2) (continued)
2 8 7 6 6 6 6 6 3 2 2 . 5 5 5 4 4 3 2 2 2 2 2 2 5 5 2 3
3 . . . . . . . . . . . 1 1 1 1 1 1 . . . . . . . . . 1
5 . . . . . . . 1 1 1 . . . . . . . . . . . . . . . 1 .
7 . . . . . . . . . . . . . . . . . 1 1 1 1 1 1 . . . .
11 . . . . . . . . . . 1 . . . . . . . . . . . . . . . .
8i 8j 8k 8l 8m 8n 8o 10a 10b 10c 11a 12a 12b 12c 12d 12e 12f 14a 14b 14c 14d 14e 14f 16a 16b 20a 24a
2P 4a 4f 4m 4n 4m 4n 4i 5a 5a 5a 11a 6d 6d 6a 6d 6d 6f 7a 7b 7b 7a 7b 7a 8b 8c 10a 12c
3P 8i 8j 8k 8l 8m 8n 8o 10a 10b 10c 11a 4d 4e 4a 4g 4b 4q 14b 14a 14d 14c 14f 14e 16a 16b 20a 8a
5P 8i 8j 8k 8l 8m 8n 8o 2c 2a 2h 11a 12a 12b 12c 12d 12e 12f 14b 14a 14d 14c 14f 14e 16a 16b 4l 24a
7P 8i 8j 8k 8l 8m 8n 8o 10a 10b 10c 11a 12a 12b 12c 12d 12e 12f 2d 2d 2e 2e 2b 2b 16a 16b 20a 24a
11P 8i 8j 8k 8l 8m 8n 8o 10a 10b 10c 1a 12a 12b 12c 12d 12e 12f 14a 14b 14c 14d 14e 14f 16a 16b 20a 24a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 −1 −1 1 1 1 1 1 −1 1 −1 −1 1 −1 1 −1 −1 −1 −1 −1 1 1 −1 1 −1 −1
X.3 1 1 −1 −1 −1−1 1 1 1 1 −1 −1 −1 −1 −1 −1 1 . . . . . . −1 −1 1 1
X.4 1 1 1 1 −1−1 1 1 1 −1 −1 1 1 −1 1 −1 −1 . . . . . . 1 −1 −1 −1
X.5 −2 . 2 −2 . . . −2 . . . 2 −2 . . . . 1 1 −1 −1 −1 −1 . . . .
X.6 −2 . −2 2 . . . −2 . . . −2 2 . . . . −1 −1 1 1 −1 −1 . . . .
X.7 1 1 −1 −1 −1−1 1 . . . 1 . . . . . . −A −A¯ −A¯ −A A¯ A −1 −1 . .
X.8 1 1 −1 −1 −1−1 1 . . . 1 . . . . . . −A¯ −A −A −A¯ A A¯ −1 −1 . .
X.9 1 1 1 1 −1−1 1 . . . 1 . . . . . . A A¯ A¯ A A¯ A 1 −1 . .
X.10 1 1 1 1 −1−1 1 . . . 1 . . . . . . A¯ A A A¯ A A¯ 1 −1 . .
X.11 −1 3 −1 −1 1 1 −1 . . . . 1 1 1 1 1 1 −1 −1 −1 −1 −1 −1 −1 1 . 1
X.12 −1 3 1 1 1 1 −1 . . . . −1 −1 1 −1 1 −1 1 1 1 1 −1 −1 1 1 . −1
X.13 −1 3 −1 −1 −1−1 −1 −1 −1 −1 . . . . . . . 1 1 1 1 1 1 −1 −1 −1 .
X.14 −1 3 1 1 −1−1 −1 −1 −1 1 . . . . . . . −1 −1 −1 −1 1 1 1 −1 1 .
X.15 2−2 . . . . 2 −1 −1 1 . −1 −1 1 −1 1 −1 . . . . . . . . 1 −1
X.16 2−2 . . . . 2 −1 −1 −1 . 1 1 1 1 1 1 . . . . . . . . −1 1
X.17 −2−2 . . . . −2 . . . 1 1 1 −1 1 −1 −1 . . . . . . . . . −1
X.18 −2−2 . . . . −2 . . . 1 −1 −1 −1 −1 −1 1 . . . . . . . . . 1
X.19 −1−1 −1 −1 −1−1 −1 1 −1 1 . −2 −2 2 . . . . . . . . . 1 1 −1 .
X.20 3−1 −1 −1 1 1 −1 1 −1 −1 . . . −2 2 . . . . . . . . 1 −1 1 .
X.21 −1−1 1 1 −1−1 −1 1 1 −1 . −1 −1 1 −1 1 1 . . . . . . 1 −1 −1 1
X.22 3−1 1 1 1 1 −1 1 −1 1 . . . −2 −2 . . . . . . . . −1 −1 −1 .
X.23 −1−1 1 1 −1−1 −1 1 −1 −1 . 2 2 2 . . . . . . . . . −1 1 1 .
X.24 −1−1 −1 −1 −1−1 −1 1 1 1 . 1 1 1 1 1 −1 . . . . . . −1 −1 1 −1
X.25 1 1 1 1 1 1 1 . . . . . . −2 . −2 . . . . . . . 1 1 . .
X.26 1 1 −1 −1 1 1 1 . . . . . . −2 . −2 . . . . . . . −1 1 . .
X.27 . . . . . . . . . . . . . . . . . 1 1 −1 −1 1 1 . . . .
X.28 . . . . . . . . . . . . . . . . . −1 −1 1 1 1 1 . . . .
X.29 . . . . . . . . . . −1 . . 2 . 2 . . . . . . . . . . .
X.30 −2 . . . 2−2 . . . . . −3 1 1 1 −1 1 . . . . . . . . . −1
X.31 2 . −2 2 . . . . . . . 2 −2 . . . . . . . . . . . . . .
X.32 −2 . . . −2 2 . . . . . −1 3 1 −1 −1 −1 . . . . . . . . . 1
X.33 −2 . . . 2−2 . . . . . 3 −1 1 −1 −1 −1 . . . . . . . . . 1
X.34 −2 . . . −2 2 . . . . . 1 −3 1 1 −1 1 . . . . . . . . . −1
X.35 2 . 2 −2 . . . . . . . −2 2 . . . . . . . . . . . . . .
X.36 . . . . . . . −1 1 1 . 2 2 2 . . . . . . . . . . . −1 .
X.37 . . . . . . . −1 1 −1 . . . −2 −2 . . . . . . . . . . 1 .
X.38 . . . . . . . −1 1 −1 . −2 −2 2 . . . . . . . . . . . 1 .
X.39 . . . . . . . −1 1 1 . . . −2 2 . . . . . . . . . . −1 .
X.40 −2 . −2 2 . . . . . . . . . . . . . −A −A¯ A¯ A −A¯ −A . . . .
X.41 −2 . −2 2 . . . . . . . . . . . . . −A¯ −A A A¯ −A −A¯ . . . .
X.42 −2 . 2 −2 . . . . . . . . . . . . . A A¯ −A¯ −A −A¯ −A . . . .
X.43 −2 . 2 −2 . . . . . . . . . . . . . A¯ A −A −A¯ −A −A¯ . . . .
X.44 −1−1 −1 −1 −1−1 −1 . . . . 2 2 −2 . . . . . . . . . 1 1 . .
X.45 3−1 1 1 1 1 −1 . . . . . . 2 2 . . . . . . . . −1 −1 . .
X.46 3−1 −1 −1 1 1 −1 . . . . . . 2 −2 . . . . . . . . 1 −1 . .
X.47 −1−1 1 1 −1−1 −1 . . . . −2 −2 −2 . . . . . . . . . −1 1 . .
X.48 −2 2 . . . . 2 1 −1 1 . . . . . . . . . . . . . . . −1 .
X.49 −2 2 . . . . 2 1 −1 −1 . . . . . . . . . . . . . . . 1 .
X.50 . . . . . . . 2 . . . 2 −2 . . . . −1 −1 1 1 −1 −1 . . . .
X.51 . . . . . . . 2 . . . −2 2 . . . . 1 1 −1 −1 −1 −1 . . . .
X.52 4 . . . . . . . . . . . . 2 . −2 . . . . . . . . . . .
X.53 −4 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.54 4 . . . . . . −2 . . . . . . . . . . . . . . . . . . .
X.55 . . . . . . . . . . . 1 1 1 −1 −1 −1 . . . . . . . . . 1
X.56 . . . . . . . . . . . −2 2 −2 . 2 . . . . . . . . . . .
X.57 . . . . . . . . . . . −1 −1 1 1 −1 1 . . . . . . . . . −1
X.58 . . . . . . . . . . . 2 −2 −2 . 2 . . . . . . . . . . .
X.59 −3−3 1 1 1 1 1 . . . . . . . . . . . . . . . . −1 −1 . .
X.60 −3−3 −1 −1 1 1 1 . . . . . . . . . . . . . . . . 1 −1 . .
X.61 1−3 1 1 −1−1 1 . . . . . . . . . . . . . . . . −1 1 . .
X.62 −3 1 −1 −1 1 1 1 . . . . . . . . . . . . . . . . 1 −1 . .
X.63 1 1 1 1 −1−1 1 . . . . . . . . . . . . . . . . −1 1 . .
X.64 1−3 −1 −1 −1−1 1 . . . . . . . . . . . . . . . . 1 1 . .
X.65 1 1 −1 −1 −1−1 1 . . . . . . . . . . . . . . . . 1 1 . .
X.66 −3 1 1 1 1 1 1 . . . . . . . . . . . . . . . . −1 −1 . .
X.67 . . . . . . . . . . . 1 1 −1 −1 1 1 . . . . . . . . . −1
X.68 . . . . . . . . . . . −1 −1 −1 1 1 −1 . . . . . . . . . 1
X.69 . . . . . . . . . . . 1 1 −1 −1 1 1 . . . . . . . . . −1
X.70 . . . . . . . . . . . −1 −1 −1 1 1 −1 . . . . . . . . . 1
X.71 2 2 . . . . −2 . . . . . . . . . . . . . . . . . . . .
X.72 2 2 . . . . −2 . . . . . . . . . . . . . . . . . . . .
X.73 2 . . . 2−2 . . . . . . . . . . . . . . . . . . . . .
X.74 2 . . . −2 2 . . . . . . . . . . . . . . . . . . . . .
X.75 2 . . . 2−2 . . . . . . . . . . . . . . . . . . . . .
X.76 2 . . . −2 2 . . . . . . . . . . . . . . . . . . . . .
X.77 . . . . . . . . . . . 1 1 1 −1 −1 1 . . . . . . . . . −1
X.78 . . . . . . . . . . . −1 −1 1 1 −1 −1 . . . . . . . . . 1
X.79 −4 . . . . . . . . . . . . . . . . . . . . . . . . . .
where A = 12 (−1 + i
√
7).
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B.4. Character table of H(Fi22) = 〈x, y, h〉
2 17 17 16 15 15 16 16 14 10 12 12 13 11 10 7 8 5 12 10 12 10 10
3 4 4 4 2 2 1 1 2 2 1 1 . 1 1 4 3 3 3 2 1 1 1
5 1 1 1 . . . . . 1 . . . . . . . . . 1 . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 3a 3b 3c 41 42 43 44 45
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 3b 3c 2a 2a 2a 2e 2a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 1a 1a 1a 41 42 43 44 45
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 3a 3b 3c 41 42 43 44 45
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 1 1 1 1 −1 1 1 1 1 −1 1 1 1 1 −1 1 −1 −1
X.3 6 6 6 −2 −2 6 6 −2 −4 2 2 −2 2 . −3 . 3 6 −4 −2 −4 .
X.4 6 6 6 −2 −2 6 6 −2 4 2 2 −2 2 . −3 . 3 6 4 −2 4 .
X.5 10 10 10 −6 −6 10 10 −6 . 2 2 −6 2 . 1 4 −2 10 . −6 . .
X.6 15 15 15 −1 −1 15 15 −1 5 −1 −1 −1 −1 −3 6 . 3 15 5 −1 5 −3
X.7 15 15 15 −1 −1 15 15 −1 −5 −1 −1 −1 −1 3 6 . 3 15 −5 −1 −5 3
X.8 15 15 15 7 7 15 15 7 −5 3 3 7 3 −1 −3 3 . 15 −5 7 −5 −1
X.9 15 15 15 7 7 15 15 7 5 3 3 7 3 1 −3 3 . 15 5 7 5 1
X.10 20 20 20 4 4 20 20 4 . −4 −4 4 −4 . −7 2 2 20 . 4 . .
X.11 20 20 20 4 4 20 20 4−10 4 4 4 4 −2 2−1 5 20 −10 4 −10 −2
X.12 20 20 20 4 4 20 20 4 10 4 4 4 4 2 2−1 5 20 10 4 10 2
X.13 24 24 24 8 8 24 24 8 4 . . 8 . 4 6 3 . 24 4 8 4 4
X.14 24 24 24 8 8 24 24 8 −4 . . 8 . −4 6 3 . 24 −4 8 −4 −4
X.15 30 30 30 −10 −10 30 30 −10 10 2 2−10 2 −2 3 3 3 30 10 −10 10 −2
X.16 30 30 30 −10 −10 30 30 −10 −10 2 2−10 2 2 3 3 3 30 −10 −10 −10 2
X.17 32 −32 . 16 −16 . . . . 8 −8 . . . −4 8 2 . . . . .
X.18 40 40 −40 16 16 8 −8−16 −10 4 4 . −4 −6 4 7 1 . 10 . 2 6
X.19 40 40 −40 16 16 8 −8−16 10 4 4 . −4 6 4 7 1 . −10 . −2 −6
X.20 40 40 −40 −16 −16 8 −8 16 10 4 4 . −4 −2 4 7 1 . −10 . −2 2
X.21 40 40 −40 −16 −16 8 −8 16 −10 4 4 . −4 2 4 7 1 . 10 . 2 −2
X.22 60 60 60 −4 −4 60 60 −4−10 4 4 −4 4 −2 6−3 −3 60 −10 −4 −10 −2
X.23 60 60 60 −4 −4 60 60 −4 10 4 4 −4 4 2 6−3 −3 60 10 −4 10 2
X.24 60 60 60 12 12 60 60 12 . 4 4 12 4 . −3 . −6 60 . 12 . .
X.25 64 64 64 . . 64 64 . −16 . . . . . −8−2 4 64 −16 . −16 .
X.26 64 64 64 . . 64 64 . 16 . . . . . −8−2 4 64 16 . 16 .
X.27 80 80 −80 . . 16 −16 . 20 8 8 . −8 4 8−4 2 . −20 . −4 −4
X.28 80 80 80 −16 −16 80 80 −16 . . . −16 . . −10 2 −4 80 . −16 . .
X.29 80 80 −80 . . 16 −16 . −20 8 8 . −8 −4 8−4 2 . 20 . 4 4
X.30 81 81 81 9 9 81 81 9 9 −3 −3 9 −3 −3 . . . 81 9 9 9 −3
X.31 81 81 81 9 9 81 81 9 −9 −3 −3 9 −3 3 . . . 81 −9 9 −9 3
X.32 90 90 90 −6 −6 90 90 −6 . −6 −6 −6 −6 . 9 . . 90 . −6 . .
X.33 120 120 −120 16 16 24 −24 −16 10 −4 −4 . 4−10 12 3 3 . −10 . −2 10
X.34 120 120 −120 16 16 24 −24 −16 −10 −4 −4 . 4 10 12 3 3 . 10 . 2 −10
X.35 120 120 120 24 24 −8 −8 24 . . . −8 . 8 3 6 . 8 . 8 . 8
X.36 120 120 120 24 24 −8 −8 24 . . . −8 . 8 3 6 . 8 . 8 . 8
X.37 120 120 −120 −16 −16 24 −24 16 −10 −4 −4 . 4 2 12 3 3 . 10 . 2 −2
X.38 120 120 −120 −16 −16 24 −24 16 10 −4 −4 . 4 −2 12 3 3 . −10 . −2 2
X.39 120 120 120 24 24 −8 −8 24 . . . −8 . −8 3 6 . 8 . 8 . −8
X.40 120 120 120 24 24 −8 −8 24 . . . −8 . −8 3 6 . 8 . 8 . −8
X.41 135 135 135 −33 −33 7 7 −33 −15 3 3 −1 3 5 . 9 . −9−15 15 1 5
X.42 135 135 135 39 39 7 7 39 −15 15 15 7 15 −7 . 9 . −9−15 −9 1 −7
X.43 135 135 135 39 39 7 7 39 15 15 15 7 15 7 . 9 . −9 15 −9 −1 7
X.44 135 135 135 −33 −33 7 7 −33 15 3 3 −1 3 −5 . 9 . −9 15 15 −1 −5
X.45 160 −160 . −48 48 . . . . 8 −8 . . . −2 16 −2 . . . . .
X.46 160 −160 . −48 48 . . . . 8 −8 . . . −2 16 −2 . . . . .
X.47 192 −192 . −32 32 . . . . 16 −16 . . . 12 . 6 . . . . .
X.48 216 216 −216 −48 −48 −8 8 48 −6 12 12 . −12 −2 . 9 . . 6 . −2 2
X.49 216 216 −216 48 48 −8 8 −48 6 12 12 . −12 10 . 9 . . −6 . 2 −10
X.50 216 216 −216 48 48 −8 8 −48 −6 12 12 . −12 −10 . 9 . . 6 . −2 10
X.51 216 216 −216 −48 −48 −8 8 48 6 12 12 . −12 2 . 9 . . −6 . 2 −2
X.52 240 240 −240 −32 −32 48 −48 32 40 8 8 . −8 . −12 . 3 . −40 . −8 .
X.53 240 240 −240 32 32 48 −48 −32 40 8 8 . −8 . −12 . 3 . −40 . −8 .
X.54 240 240 240 48 48 −16 −16 48 . . . −16 . . 6 12 . 16 . 16 . .
X.55 240 240 −240 −32 −32 48 −48 32 −40 8 8 . −8 . −12 . 3 . 40 . 8 .
X.56 240 240 −240 32 32 48 −48 −32 −40 8 8 . −8 . −12 . 3 . 40 . 8 .
X.57 240 240 240 −48 −48 −16 −16 −48 . . . 16 . . 6 12 . 16 . −16 . .
X.58 240 240 240 −48 −48 −16 −16 −48 . . . 16 . . 6 12 . 16 . −16 . .
X.59 270 270 270 6 6 14 14 6 30 18 18 6 18 2 . −9 . −18 30 6 −2 2
X.60 270 270 270 6 6 14 14 6−30 18 18 6 18 −2 . −9 . −18 −30 6 2 −2
X.61 320 320 −320 −64 −64 64 −64 64 . . . . . . −4 14 −4 . . . . .
X.62 320 320 −320 64 64 64 −64 −64 . . . . . . −4 14 −4 . . . . .
X.63 320 −320 . 32 −32 . . . . −16 16 . . . 14 8 2 . . . . .
X.64 320 −320 . 32 −32 . . . . −16 16 . . . 14 8 2 . . . . .
X.65 405 405 405 45 45 21 21 45 45 9 9 13 9 9 . . . −27 45 −3 −3 9
X.66 405 405 405 −27 −27 21 21 −27 −45 −3 −3 5 −3 3 . . . −27 −45 21 3 3
X.67 405 405 405 −27 −27 21 21 −27 45 −3 −3 5 −3 −3 . . . −27 45 21 −3 −3
X.68 405 405 405 45 45 21 21 45 −45 9 9 13 9 −9 . . . −27 −45 −3 3 −9
X.69 480 480 −480 32 32 96 −96 −32 40 . . . . 8 12 −3 . . −40 . −8 −8
X.70 480 480 −480 . . 96 −96 . . −16 −16 . 16 . −24 . 6 . . . . .
X.71 480 480 −480 −32 −32 96 −96 32 −40 . . . . 8 12 −3 . . 40 . 8 −8
X.72 480 480 −480 −32 −32 96 −96 32 40 . . . . −8 12 −3 . . −40 . −8 8
X.73 480 480 −480 32 32 96 −96 −32 −40 . . . . −8 12 −3 . . 40 . 8 8
X.74 480 −480 . −16 16 . . . . −8 8 . . . −24 . 6 . . . . .
X.75 480 −480 . 112 −112 . . . . 24 −24 . . . 12 24 . . . . . .
X.76 540 540 540 60 60 28 28 60 30 −12 −12 −4−12 −2 . 9 . −36 30 −36 −2 −2
X.77 540 540 540 60 60 28 28 60 −30 −12 −12 −4−12 2 . 9 . −36 −30 −36 2 2
X.78 540 540 540 −84 −84 28 28 −84 30 12 12 −20 12 −2 . 9 . −36 30 12 −2 −2
X.79 540 540 540 −84 −84 28 28 −84 −30 12 12 −20 12 2 . 9 . −36 −30 12 2 2
X.80 640 −640 . 64 −64 . . . . 32 −32 . . . −8−8 10 . . . . .
X.81 640 640 −640 . . 128 −128 . . . . . . . −8−8 −8 . . . . .
X.82 720 720 720 −48 −48 −48 −48 −48 . . . 16 . . −9 . . 48 . −16 . .
X.83 720 720 720 −48 −48 −48 −48 −48 . . . 16 . . −9 . . 48 . −16 . .
X.84 720 720 720 −48 −48 −48 −48 −48 . . . 16 . . −9 . . 48 . −16 . .
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Character table of H(Fi22) (continued)
2 10 10 10 10 10 11 11 9 9 9 9 8 8 9 9 9 9 8 8 8 8 7 3 7 7
3 1 1 1 1 1 . . 1 1 1 1 1 1 . . . . . . . . . . 4 4
5 . . . . . . . . . . . . . . . . . . . . . . 1 . .
46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 5a 6a 6b
2P 2e 2e 2e 2e 2e 2e 2e 2c 2c 2g 2g 2i 2j 2e 2e 2f 2e 2i 2i 2j 2i 2i 5a 3a 3a
3P 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 5a 2a 2b
5P 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 41 1a 6a 6c
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 −1 −1 −1 1 1 1 1 1 1 1 −1 −1 −1 −1 1 1 −1 1 −1 1 1 1 1 1
X.3 −2 . . −4 −2 2 2 2 2 2 2 2 2 . . 2 2 −2 . −2 . . 1 −3 −3
X.4 −2 . . 4 −2 2 2 2 2 2 2 −2 −2 . . 2 2 2 . 2 . . 1 −3 −3
X.5 −6 . . . −6 2 2 2 2 2 2 . . . . 2 2 . −2 . −2 −2 . 1 1
X.6 −1 −3 −3 5 −1 −1 −1 3 3 3 3 1 1 −3 −3 −1 −1 1 −1 1 −1 −1 . 6 6
X.7 −1 3 3 −5 −1 −1 −1 3 3 3 3 −1 −1 3 3 −1 −1 −1 −1 −1 −1 −1 . 6 6
X.8 7 −1 −1 −5 7 3 3 −1 −1 −1 −1 −3 −3 −1 −1 3 3 1 1 1 1 1 . −3 −3
X.9 7 1 1 5 7 3 3 −1 −1 −1 −1 3 3 1 1 3 3 −1 1 −1 1 1 . −3 −3
X.10 4 . . . 4 −4 −4 4 4 4 4 . . . . −4 −4 . . . . . . −7 −7
X.11 4 −2 −2−10 4 4 4 . . . . −2 −2 −2 −2 4 4 −2 . −2 . . . 2 2
X.12 4 2 2 10 4 4 4 . . . . 2 2 2 2 4 4 2 . 2 . . . 2 2
X.13 8 4 4 4 8 . . . . . . . . 4 4 . . . . . . . −1 6 6
X.14 8 −4 −4 −4 8 . . . . . . . . −4 −4 . . . . . . . −1 6 6
X.15 −10 −2 −2 10 −10 2 2 −2 −2 −2 −2 −4 −4 −2 −2 2 2 . . . . . . 3 3
X.16 −10 2 2−10 −10 2 2 −2 −2 −2 −2 4 4 2 2 2 2 . . . . . . 3 3
X.17 . . . . . . . . . 4 −4 . . . . . . . 4 . −4 . 2 4 .
X.18 4 −2 2 −2 −4 4 −4 . . . . −4 4 −2 2 . . . 2 . 2 −2 . 4 −4
X.19 4 2 −2 2 −4 4 −4 . . . . 4 −4 2 −2 . . . 2 . 2 −2 . 4 −4
X.20 −4 −6 6 2 4 4 −4 . . . . −4 4 2 −2 . . . −2 . −2 2 . 4 −4
X.21 −4 6 −6 −2 4 4 −4 . . . . 4 −4 −2 2 . . . −2 . −2 2 . 4 −4
X.22 −4 −2 −2−10 −4 4 4 . . . . 2 2 −2 −2 4 4 2 . 2 . . . 6 6
X.23 −4 2 2 10 −4 4 4 . . . . −2 −2 2 2 4 4 −2 . −2 . . . 6 6
X.24 12 . . . 12 4 4 4 4 4 4 . . . . 4 4 . . . . . . −3 −3
X.25 . . . −16 . . . . . . . . . . . . . . . . . . −1 −8 −8
X.26 . . . 16 . . . . . . . . . . . . . . . . . . −1 −8 −8
X.27 . −4 4 4 . 8 −8 . . . . . . 4 −4 . . . . . . . . 8 −8
X.28 −16 . . . −16 . . . . . . . . . . . . . . . . . . −10 −10
X.29 . 4 −4 −4 . 8 −8 . . . . . . −4 4 . . . . . . . . 8 −8
X.30 9 −3 −3 9 9 −3 −3 −3 −3 −3 −3 3 3 −3 −3 −3 −3 −1 −1 −1 −1 −1 1 . .
X.31 9 3 3 −9 9 −3 −3 −3 −3 −3 −3 −3 −3 3 3 −3 −3 1 −1 1 −1 −1 1 . .
X.32 −6 . . . −6 −6 −6 2 2 2 2 . . . . −6 −6 . 2 . 2 2 . 9 9
X.33 4 2 −2 2 −4 −4 4 . . . . 4 −4 −6 6 . . . −2 . −2 2 . 12 −12
X.34 4 −2 2 −2 −4 −4 4 . . . . −4 4 6 −6 . . . −2 . −2 2 . 12 −12
X.35 . −8 −8 . . . . −4 12 −4 −4 . . . . . . . . . . . . 3 3
X.36 . −8 −8 . . . . 12 −4 −4 −4 . . . . . . . . . . . . 3 3
X.37 −4−10 10 −2 4 −4 4 . . . . 4 −4 6 −6 . . . 2 . 2 −2 . 12 −12
X.38 −4 10 −10 2 4 −4 4 . . . . −4 4 −6 6 . . . 2 . 2 −2 . 12 −12
X.39 . 8 8 . . . . −4 12 −4 −4 . . . . . . . . . . . . 3 3
X.40 . 8 8 . . . . 12 −4 −4 −4 . . . . . . . . . . . . 3 3
X.41 −1 5 5 1 −1 3 3 3 3 3 3 3 3 −3 −3 3 −5 −1 −3 −1 −3 −3 . . .
X.42 −1 −7 −7 1 −1 −1 −1 3 3 3 3 −3 −3 1 1 −1 −1 −3 3 −3 3 3 . . .
X.43 −1 7 7 −1 −1 −1 −1 3 3 3 3 3 3 −1 −1 −1 −1 3 3 3 3 3 . . .
X.44 −1 −5 −5 −1 −1 3 3 3 3 3 3 −3 −3 3 3 3 −5 1 −3 1 −3 −3 . . .
X.45 . . . . . . . . . 4 −4 . . . . . . . −4 . 4 . . 2 A
X.46 . . . . . . . . . 4 −4 . . . . . . . −4 . 4 . . 2 A¯
X.47 . . . . . . . . . 8 −8 . . . . . . . . . . . 2 −12 .
X.48 4 10 −10 2 −4 −4 4 . . . . . . 2 −2 . . 4 −2 −4 −2 2 1 . .
X.49 −4 −2 2 −2 4 −4 4 . . . . . . −2 2 . . 4 2 −4 2 −2 1 . .
X.50 −4 2 −2 2 4 −4 4 . . . . . . 2 −2 . . −4 2 4 2 −2 1 . .
X.51 4−10 10 −2 −4 −4 4 . . . . . . −2 2 . . −4 −2 4 −2 2 1 . .
X.52 −8 . . 8 8 8 −8 . . . . −8 8 . . . . . . . . . . −12 12
X.53 8 . . 8 −8 8 −8 . . . . 8 −8 . . . . . . . . . . −12 12
X.54 . . . . . . . −8 −8 8 8 . . . . . . . . . . . . 6 6
X.55 −8 . . −8 8 8 −8 . . . . 8 −8 . . . . . . . . . . −12 12
X.56 8 . . −8 −8 8 −8 . . . . −8 8 . . . . . . . . . . −12 12
X.57 . . . . . . . . . . . . . . . . . . . . . . . 6 6
X.58 . . . . . . . . . . . . . . . . . . . . . . . 6 6
X.59 −2 2 2 −2 −2 2 2 6 6 6 6 . . 2 2 2 −6 4 . 4 . . . . .
X.60 −2 −2 −2 2 −2 2 2 6 6 6 6 . . −2 −2 2 −6 −4 . −4 . . . . .
X.61 −16 . . . 16 . . . . . . . . . . . . . . . . . . −4 4
X.62 16 . . . −16 . . . . . . . . . . . . . . . . . . −4 4
X.63 . . . . . . . . . 8 −8 . . . . . . . . . . . . −14 A¯
X.64 . . . . . . . . . 8 −8 . . . . . . . . . . . . −14 A
X.65 −3 9 9 −3 −3 9 9 −3 −3 −3 −3 3 3 1 1 −7 1 −1 −1 −1 −1 −1 . . .
X.66 −3 3 3 3 −3 13 13 −3 −3 −3 −3 3 3 −5 −5 −3 −3 3 1 3 1 1 . . .
X.67 −3 −3 −3 −3 −3 13 13 −3 −3 −3 −3 −3 −3 5 5 −3 −3 −3 1 −3 1 1 . . .
X.68 −3 −9 −9 3 −3 9 9 −3 −3 −3 −3 −3 −3 −1 −1 −7 1 1 −1 1 −1 −1 . . .
X.69 8 8 −8 8 −8 . . . . . . . . . . . . . . . . . . 12 −12
X.70 . . . . . −16 16 . . . . . . . . . . . . . . . . −24 24
X.71 −8 8 −8 −8 8 . . . . . . . . . . . . . . . . . . 12 −12
X.72 −8 −8 8 8 8 . . . . . . . . . . . . . . . . . . 12 −12
X.73 8 −8 8 −8 −8 . . . . . . . . . . . . . . . . . . 12 −12
X.74 . . . . . . . . . 12 −12 . . . . . . . −4 . 4 . . 24 .
X.75 . . . . . . . . . −4 4 . . . . . . . 4 . −4 . . −12 .
X.76 4 −2 −2 −2 4 4 4 . . . . 6 6 −2 −2 4 −4 −2 . −2 . . . . .
X.77 4 2 2 2 4 4 4 . . . . −6 −6 2 2 4 −4 2 . 2 . . . . .
X.78 4 −2 −2 −2 4 −4 −4 . . . . −6 −6 −2 −2 −4 4 2 . 2 . . . . .
X.79 4 2 2 2 4 −4 −4 . . . . 6 6 2 2 −4 4 −2 . −2 . . . . .
X.80 . . . . . . . . . . . . . . . . . . . . . . . 8 .
X.81 . . . . . . . . . . . . . . . . . . . . . . . −8 8
X.82 . . . . . . . 24 −8 −8 −8 . . . . . . . . . . . . −9 −9
X.83 . . . . . . . −8 24 −8 −8 . . . . . . . . . . . . −9 −9
X.84 . . . . . . . −8 −8 8 8 . . . . . . . . . . . . −9 −9
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Character table of H(Fi22) (continued)
2 7 8 7 7 7 7 7 5 6 6 4 7 7 5 5 4 4 4 4 5 5 5 3 4 7 7 7 7 7
3 4 3 3 2 2 2 2 3 2 2 3 1 1 2 2 2 2 2 2 1 1 1 2 1 1 1 . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6c 6d 6e 6f 6g 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 6r 6s 6t 6u 6v 6w 6x 6y 6z 8a 8b 8c 8d 8e
2P 3a 3b 3b 3a 3a 3a 3a 3c 3b 3b 3c 3b 3b 3b 3b 3c 3c 3c 3c 3c 3c 3b 3c 3c 41 41 411 411 411
3P 2b 2a 2b 2c 2g 2g 2d 2a 2c 2d 2b 2e 2f 2h 2g 2g 2g 2d 2c 2i 2j 2m 2h 2l 8a 8b 8c 8d 8e
5P 6b 6d 6e 6f 6h 6g 6i 6j 6k 6l 6m 6n 6o 6p 6q 6s 6r 6t 6u 6v 6w 6x 6y 6z 8a 8b 8c 8d 8e
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 1 1 1 1 1 1 1 1 1 −1 1 1 1 1 1 1 1 −1 −1 1 −1−1 −1 1 1
X.3 −3 . . 1 1 1 1 3−2 −2 3 . . 2−2 1 1 1 1−1 −1 . −1−1 . . 2 . .
X.4 −3 . . 1 1 1 1 3−2 −2 3 . . −2−2 1 1 1 1−1 −1 . 1−1 . . −2 . .
X.5 1 4 4 −3 −3−3 −3 −2 . . −2 4 4 . . . . . . 2 2 . . 2 . . . −2 −2
X.6 6 . . 2 2 2 2 3 2 2 3 . . 2 2 −1 −1−1 −1−1 −1 . −1−1 −3−3 1 −1 −1
X.7 6 . . 2 2 2 2 3 2 2 3 . . −2 2 −1 −1−1 −1−1 −1 . 1−1 3 3 −1 −1 −1
X.8 −3 3 3 1 1 1 1 . 1 1 . 3 3 1 1 −2 −2−2 −2 . . −1 −2 . −1−1 −3 1 1
X.9 −3 3 3 1 1 1 1 . 1 1 . 3 3 −1 1 −2 −2−2 −2 . . 1 2 . 1 1 3 1 1
X.10 −7 2 2 1 1 1 1 2−2 −2 2 2 2 . −2 −2 −2−2 −2 2 2 . . 2 . . . . .
X.11 2 −1 −1−2 −2−2 −2 5 1 1 5 −1−1 −1 1 1 1 1 1 1 1 1 −1 1 −2−2 −2 . .
X.12 2 −1 −1−2 −2−2 −2 5 1 1 5 −1−1 1 1 1 1 1 1 1 1 −1 1 1 2 2 2 . .
X.13 6 3 3 2 2 2 2 . −1 −1 . 3 3 1−1 2 2 2 2 . . 1 −2 . 4 4 . . .
X.14 6 3 3 2 2 2 2 . −1 −1 . 3 3 −1−1 2 2 2 2 . . −1 2 . −4−4 . . .
X.15 3 3 3 −1 −1−1 −1 3−1 −1 3 3 3 1−1 −1 −1−1 −1−1 −1 1 1−1 −2−2 −4 . .
X.16 3 3 3 −1 −1−1 −1 3−1 −1 3 3 3 −1−1 −1 −1−1 −1−1 −1 −1 −1−1 2 2 4 . .
X.17 . −8 . 4 . . −4 −2 4 −4 . . . . . . . 2 −2 2 −2 . . . . . . . .
X.18 −4 7 −7 4 −4−4 4 1 1 1 −1 −1 1 −1−1 −1 −1 1 1 1 1 −3 −1−1 −2 2 . 2 −2
X.19 −4 7 −7 4 −4−4 4 1 1 1 −1 −1 1 1−1 −1 −1 1 1 1 1 3 1−1 2−2 . 2 −2
X.20 −4 7 −7−4 4 4 −4 1−1 −1 −1 −1 1 1 1 1 1−1 −1 1 1 1 1−1 −2 2 . −2 2
X.21 −4 7 −7−4 4 4 −4 1−1 −1 −1 −1 1 −1 1 1 1−1 −1 1 1 −1 −1−1 2−2 . −2 2
X.22 6 −3 −3 2 2 2 2 −3−1 −1 −3 −3−3 −1−1 −1 −1−1 −1 1 1 1 −1 1 −2−2 2 . .
X.23 6 −3 −3 2 2 2 2 −3−1 −1 −3 −3−3 1−1 −1 −1−1 −1 1 1 −1 1 1 2 2 −2 . .
X.24 −3 . . −3 −3−3 −3 −6 . . −6 . . . . . . . . −2 −2 . . −2 . . . . .
X.25 −8 −2 −2 . . . . 4 . . 4 −2−2 2 . . . . . . . . 2 . . . . . .
X.26 −8 −2 −2 . . . . 4 . . 4 −2−2 −2 . . . . . . . . −2 . . . . . .
X.27 −8 −4 4 . . . . 2 . . −2 4−4 2 . . . . . 2 2 −2 2−2 . . . . .
X.28 −10 2 2 2 2 2 2 −4 2 2 −4 2 2 . 2 2 2 2 2 . . . . . . . . . .
X.29 −8 −4 4 . . . . 2 . . −2 4−4 −2 . . . . . 2 2 2 −2−2 . . . . .
X.30 . . . . . . . . . . . . . . . . . . . . . . . . −3−3 3 −1 −1
X.31 . . . . . . . . . . . . . . . . . . . . . . . . 3 3 −3 −1 −1
X.32 9 . . −3 −3−3 −3 . . . . . . . . . . . . . . . . . . . . 2 2
X.33 −12 3 −3 4 −4−4 4 3 1 1 −3 3−3 1−1 −1 −1 1 1−1 −1 −1 1 1 −2 2 . −2 2
X.34 −12 3 −3 4 −4−4 4 3 1 1 −3 3−3 −1−1 −1 −1 1 1−1 −1 1 −1 1 2−2 . −2 2
X.35 3 6 6 3 3 3 3 . . . . −2−2 . . . . . . . . 2 . . . . . . .
X.36 3 6 6 3 3 3 3 . . . . −2−2 . . . . . . . . 2 . . . . . . .
X.37 −12 3 −3−4 4 4 −4 3−1 −1 −3 3−3 −1 1 1 1−1 −1−1 −1 −1 −1 1 −2 2 . 2 −2
X.38 −12 3 −3−4 4 4 −4 3−1 −1 −3 3−3 1 1 1 1−1 −1−1 −1 1 1 1 2−2 . 2 −2
X.39 3 6 6 3 3 3 3 . . . . −2−2 . . . . . . . . −2 . . . . . . .
X.40 3 6 6 3 3 3 3 . . . . −2−2 . . . . . . . . −2 . . . . . . .
X.41 . 9 9 . . . . . 3 3 . 1 1 −3 3 . . . . . . −1 . . 1 1 −1 1 1
X.42 . 9 9 . . . . . 3 3 . 1 1 −3 3 . . . . . . −1 . . 1 1 1 −1 −1
X.43 . 9 9 . . . . . 3 3 . 1 1 3 3 . . . . . . 1 . . −1−1 −1 −1 −1
X.44 . 9 9 . . . . . 3 3 . 1 1 3 3 . . . . . . 1 . . −1−1 1 1 1
X.45 A¯ −16 . −6 B B¯ 6 2 . . . . . . . B¯ B . . 2 −2 . . . . . . . .
X.46 A −16 . −6 B¯ B 6 2 . . . . . . . B B¯ . . 2 −2 . . . . . . . .
X.47 . . . 4 . . −4 −6−8 8 . . . . . . . 2 −2−2 2 . . . . . . . .
X.48 . 9 −9 . . . . . −3 −3 . 1−1 −3 3 . . . . . . 1 . . −2 2 . 2 −2
X.49 . 9 −9 . . . . . 3 3 . 1−1 3−3 . . . . . . 1 . . −2 2 . −2 2
X.50 . 9 −9 . . . . . 3 3 . 1−1 −3−3 . . . . . . −1 . . 2−2 . −2 2
X.51 . 9 −9 . . . . . −3 −3 . 1−1 3 3 . . . . . . −1 . . 2−2 . 2 −2
X.52 12 . . 4 −4−4 4 3−2 −2 −3 . . −2 2 −1 −1 1 1−1 −1 . 1 1 . . . . .
X.53 12 . . −4 4 4 −4 3 2 2 −3 . . −2−2 1 1−1 −1−1 −1 . 1 1 . . . . .
X.54 6 12 12 6 6 6 6 . . . . −4−4 . . . . . . . . . . . . . . . .
X.55 12 . . 4 −4−4 4 3−2 −2 −3 . . 2 2 −1 −1 1 1−1 −1 . −1 1 . . . . .
X.56 12 . . −4 4 4 −4 3 2 2 −3 . . 2−2 1 1−1 −1−1 −1 . −1 1 . . . . .
X.57 6 12 12 −6 −6−6 −6 . . . . −4−4 . . . . . . . . . . . . . . . .
X.58 6 12 12 −6 −6−6 −6 . . . . −4−4 . . . . . . . . . . . . . . . .
X.59 . −9 −9 . . . . . −3 −3 . −1−1 −3−3 . . . . . . −1 . . −2−2 . . .
X.60 . −9 −9 . . . . . −3 −3 . −1−1 3−3 . . . . . . 1 . . 2 2 . . .
X.61 4 14 −14 −4 4 4 −4 −4 2 2 4 −2 2 . −2 −2 −2 2 2 . . . . . . . . . .
X.62 4 14 −14 4 −4−4 4 −4−2 −2 4 −2 2 . 2 2 2−2 −2 . . . . . . . . . .
X.63 A −8 . 2 A¯ A −2 −2−4 4 . . . . . . . −2 2 2 −2 . . . . . . . .
X.64 A¯ −8 . 2 A A¯ −2 −2−4 4 . . . . . . . −2 2 2 −2 . . . . . . . .
X.65 . . . . . . . . . . . . . . . . . . . . . . . . −3−3 −1 3 3
X.66 . . . . . . . . . . . . . . . . . . . . . . . . 3 3 −1 −3 −3
X.67 . . . . . . . . . . . . . . . . . . . . . . . . −3−3 1 −3 −3
X.68 . . . . . . . . . . . . . . . . . . . . . . . . 3 3 1 3 3
X.69 −12 −3 3 −4 4 4 −4 . −1 −1 . −3 3 1 1 −2 −2 2 2 . . −1 −2 . 4−4 . . .
X.70 24 . . . . . . 6 . . −6 . . . . . . . . 2 2 . . −2 . . . . .
X.71 −12 −3 3 4 −4−4 4 . 1 1 . −3 3 −1−1 2 2−2 −2 . . −1 2 . 4−4 . . .
X.72 −12 −3 3 4 −4−4 4 . 1 1 . −3 3 1−1 2 2−2 −2 . . 1 −2 . −4 4 . . .
X.73 −12 −3 3 −4 4 4 −4 . −1 −1 . −3 3 −1 1 −2 −2 2 2 . . 1 2 . −4 4 . . .
X.74 . . . 8 . . −8 −6 8 −8 . . . . . . . −2 2−2 2 . . . . . . . .
X.75 . −24 . 4 . . −4 . 4 −4 . . . . . . . −4 4 . . . . . . . . . .
X.76 . 9 9 . . . . . −3 −3 . 1 1 −3−3 . . . . . . 1 . . 2 2 −2 . .
X.77 . 9 9 . . . . . −3 −3 . 1 1 3−3 . . . . . . −1 . . −2−2 2 . .
X.78 . 9 9 . . . . . −3 −3 . 1 1 −3−3 . . . . . . 1 . . 2 2 2 . .
X.79 . 9 9 . . . . . −3 −3 . 1 1 3−3 . . . . . . −1 . . −2−2 −2 . .
X.80 . 8 . −8 . . 8−10 4 −4 . . . . . . . 2 −2 2 −2 . . . . . . . .
X.81 8 −8 8 . . . . −8 . . 8 8−8 . . . . . . . . . . . . . . . .
X.82 −9 . . 3 3 3 3 . . . . . . . . . . . . . . . . . . . . . .
X.83 −9 . . 3 3 3 3 . . . . . . . . . . . . . . . . . . . . . .
X.84 −9 . . 3 3 3 3 . . . . . . . . . . . . . . . . . . . . . .
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Character table of H(Fi22) (continued)
2 7 7 6 5 5 5 2 3 2 2 5 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5
3 . . . . . . 2 . . . 3 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
5 . . . . . . . 1 1 1 . . . . . . . . . . . . . . . .
8f 8g 8h 8i 8j 8k 9a 10a 10b 10c 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p
2P 43 411 412 413 414 421 9a 5a 5a 5a 6a 6d 6d 6d 6n 6d 6n 6n 6n 6g 6h 6a 6g 6h 6n 6n
3P 8f 8g 8h 8i 8j 8k 3a 10a 10b 10c 41 41 41 42 44 45 46 47 48 415 415 43 416 416 410 49
5P 8f 8g 8h 8i 8j 8k 9a 2a 2h 2b 12a 12b 12c 12d 12e 12f 12g 12h 12i 12k 12j 12l 12n 12m 12o 12p
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 −1 −1 −1 −1 1 1 1 −1 1 1 1 1 −1 −1 −1 1 −1 −1 1 1 1 1 1 1 −1
X.3 2 −2 −2 . . . . 1 1 1 −3 . . 2 2 . −2 . . −1 −1 1 −1 −1 −2 2
X.4 2 2 2 . . . . 1 −1 1 −3 . . −2 −2 . −2 . . −1 −1 1 −1 −1 −2 −2
X.5 2 . . . . −2 1 . . . 1 4 4 . . . . . . −1 −1 −3 −1 −1 . .
X.6 3 1 1 −1 −1 −1 . . . . 6 . . 2 2 . 2 . . . . 2 . . 2 2
X.7 3 −1 −1 1 1 −1 . . . . 6 . . −2 −2 . 2 . . . . 2 . . 2 −2
X.8 −1 1 1 1 1 1 . . . . −3 3 3 1 1 −1 1 −1 −1 −1 −1 1 −1 −1 1 1
X.9 −1 −1 −1 −1 −1 1 . . . . −3 3 3 −1 −1 1 1 1 1 −1 −1 1 −1 −1 1 −1
X.10 4 . . . . . −1 . . . −7 2 2 . . . −2 . . 1 1 1 1 1 −2 .
X.11 . −2 −2 . . . −1 . . . 2 −1 −1 −1 −1 1 1 1 1 . . −2 . . 1 −1
X.12 . 2 2 . . . −1 . . . 2 −1 −1 1 1 −1 1 −1 −1 . . −2 . . 1 1
X.13 . . . . . . . −1 −1 −1 6 3 3 1 1 1 −1 1 1 . . 2 . . −1 1
X.14 . . . . . . . −1 1 −1 6 3 3 −1 −1 −1 −1 −1 −1 . . 2 . . −1 −1
X.15 −2 . . . . . . . . . 3 3 3 1 1 1 −1 1 1 1 1 −1 1 1 −1 1
X.16 −2 . . . . . . . . . 3 3 3 −1 −1 −1 −1 −1 −1 1 1 −1 1 1 −1 −1
X.17 . . . . . . 2 −2 . . . . . . . . . . . −2 −2 . 2 2 . .
X.18 . . . . . . 1 . . . . 3 −3 1 −1 3 1 1 −1 . . . . . −1 1
X.19 . . . . . . 1 . . . . 3 −3 −1 1 −3 1 −1 1 . . . . . −1 −1
X.20 . . . . . . 1 . . . . 3 −3 −1 1 −1 −1 −3 3 . . . . . 1 −1
X.21 . . . . . . 1 . . . . 3 −3 1 −1 1 −1 3 −3 . . . . . 1 1
X.22 . 2 2 . . . . . . . 6 −3 −3 −1 −1 1 −1 1 1 . . 2 . . −1 −1
X.23 . −2 −2 . . . . . . . 6 −3 −3 1 1 −1 −1 −1 −1 . . 2 . . −1 1
X.24 4 . . . . . . . . . −3 . . . . . . . . 1 1 −3 1 1 . .
X.25 . . . . . . 1 −1 −1 −1 −8 −2 −2 2 2 . . . . . . . . . . 2
X.26 . . . . . . 1 −1 1 −1 −8 −2 −2 −2 −2 . . . . . . . . . . −2
X.27 . . . . . . −1 . . . . . . −2 2 2 . 2 −2 . . . . . . −2
X.28 . . . . . . −1 . . . −10 2 2 . . . 2 . . . . 2 . . 2 .
X.29 . . . . . . −1 . . . . . . 2 −2 −2 . −2 2 . . . . . . 2
X.30 −3 −1 −1 1 1 −1 . 1 −1 1 . . . . . . . . . . . . . . . .
X.31 −3 1 1 −1 −1 −1 . 1 1 1 . . . . . . . . . . . . . . . .
X.32 2 . . . . 2 . . . . 9 . . . . . . . . −1 −1 −3 −1 −1 . .
X.33 . . . . . . . . . . . 3 −3 −1 1 1 1 −1 1 . . . . . −1 −1
X.34 . . . . . . . . . . . 3 −3 1 −1 −1 1 1 −1 . . . . . −1 1
X.35 . . . −2 2 . . . . . −1 2 2 . . 2 . −2 −2 −1 −1 −1 −1 −1 . .
X.36 . . . 2 −2 . . . . . −1 2 2 . . 2 . −2 −2 −1 −1 −1 −1 −1 . .
X.37 . . . . . . . . . . . 3 −3 1 −1 1 −1 −1 1 . . . . . 1 1
X.38 . . . . . . . . . . . 3 −3 −1 1 −1 −1 1 −1 . . . . . 1 −1
X.39 . . . 2 −2 . . . . . −1 2 2 . . −2 . 2 2 −1 −1 −1 −1 −1 . .
X.40 . . . −2 2 . . . . . −1 2 2 . . −2 . 2 2 −1 −1 −1 −1 −1 . .
X.41 −1 3 −1 1 1 1 . . . . . −3 −3 −3 1 −1 −1 −1 −1 . . . . . −1 1
X.42 −1 1 1 −1 −1 −1 . . . . . −3 −3 −3 1 −1 −1 −1 −1 . . . . . −1 1
X.43 −1 −1 −1 1 1 −1 . . . . . −3 −3 3 −1 1 −1 1 1 . . . . . −1 −1
X.44 −1 −3 1 −1 −1 1 . . . . . −3 −3 3 −1 1 −1 1 1 . . . . . −1 −1
X.45 . . . . . . 1 . . . . . . . . . . . . C C¯ . −C −C¯ . .
X.46 . . . . . . 1 . . . . . . . . . . . . C¯ C . −C¯ −C . .
X.47 . . . . . . . −2 . . . . . . . . . . . 2 2 . −2 −2 . .
X.48 . . . . . . . 1 −1 −1 . −3 3 3 1 −1 1 1 −1 . . . . . −1 −1
X.49 . . . . . . . 1 1 −1 . −3 3 −3 −1 −1 −1 1 −1 . . . . . 1 1
X.50 . . . . . . . 1 −1 −1 . −3 3 3 1 1 −1 −1 1 . . . . . 1 −1
X.51 . . . . . . . 1 1 −1 . −3 3 −3 −1 1 1 −1 1 . . . . . −1 1
X.52 . . . . . . . . . . . . . 2 −2 . −2 . . . . . . . 2 2
X.53 . . . . . . . . . . . . . 2 −2 . 2 . . . . . . . −2 2
X.54 . . . . . . . . . . −2 4 4 . . . . . . 2 2 −2 2 2 . .
X.55 . . . . . . . . . . . . . −2 2 . −2 . . . . . . . 2 −2
X.56 . . . . . . . . . . . . . −2 2 . 2 . . . . . . . −2 −2
X.57 . . . . . . . . . . −2 4 4 . . . . . . . . 2 . . . .
X.58 . . . . . . . . . . −2 4 4 . . . . . . . . 2 . . . .
X.59 −2 −4 . . . . . . . . . 3 3 −3 1 −1 1 −1 −1 . . . . . 1 1
X.60 −2 4 . . . . . . . . . 3 3 3 −1 1 1 1 1 . . . . . 1 −1
X.61 . . . . . . −1 . . . . 6 −6 . . . 2 . . . . . . . −2 .
X.62 . . . . . . −1 . . . . 6 −6 . . . −2 . . . . . . . 2 .
X.63 . . . . . . −1 . . . . . . . . . . . . −C¯ −C . C¯ C . .
X.64 . . . . . . −1 . . . . . . . . . . . . −C −C¯ . C C¯ . .
X.65 1 3 −1 −1 −1 −1 . . . . . . . . . . . . . . . . . . . .
X.66 1 −1 −1 −1 −1 1 . . . . . . . . . . . . . . . . . . . .
X.67 1 1 1 1 1 1 . . . . . . . . . . . . . . . . . . . .
X.68 1 −3 1 1 1 −1 . . . . . . . . . . . . . . . . . . . .
X.69 . . . . . . . . . . . −3 3 −1 1 1 −1 −1 1 . . . . . 1 −1
X.70 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.71 . . . . . . . . . . . −3 3 1 −1 1 1 −1 1 . . . . . −1 1
X.72 . . . . . . . . . . . −3 3 −1 1 −1 1 1 −1 . . . . . −1 −1
X.73 . . . . . . . . . . . −3 3 1 −1 −1 −1 1 −1 . . . . . 1 1
X.74 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.75 . . . . . . . . . . . . . . . . . . . 2 2 . −2 −2 . .
X.76 . −2 2 . . . . . . . . −3 −3 −3 1 1 1 1 1 . . . . . 1 1
X.77 . 2 −2 . . . . . . . . −3 −3 3 −1 −1 1 −1 −1 . . . . . 1 −1
X.78 . 2 −2 . . . . . . . . −3 −3 −3 1 1 1 1 1 . . . . . 1 1
X.79 . −2 2 . . . . . . . . −3 −3 3 −1 −1 1 −1 −1 . . . . . 1 −1
X.80 . . . . . . −2 . . . . . . . . . . . . . . . . . . .
X.81 . . . . . . 1 . . . . . . . . . . . . . . . . . . .
X.82 . . . . . . . . . . 3 . . . . . . . . 1 1 −1 1 1 . .
X.83 . . . . . . . . . . 3 . . . . . . . . 1 1 −1 1 1 . .
X.84 . . . . . . . . . . 3 . . . . . . . . F F¯ −1 F F¯ . .
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Character table of H(Fi22) (continued)
2 3 4 4 3 3 5 5 2 2 2 2 4 4
3 2 1 1 1 1 . . 2 2 2 . 1 1
5 . . . . . . . . . . 1 . .
12q 12r 12s 12t 12u 16a 16b 18a 18b 18c 20a 24a 24b
2P 6j 6f 6f 6v 6w 8f 8f 9a 9a 9a 10a 12b 12b
3P 42 413 414 417 418 16a 16b 6a 6b 6c 20a 8a 8b
5P 12q 12r 12s 12t 12u 16b 16a 18a 18c 18b 42 24a 24b
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1 1 −1 −1 −1 −1 1 1 1 −1 −1 −1
X.3 −1 −1 −1 −1 −1 . . . . . 1 . .
X.4 1 −1 −1 1 1 . . . . . −1 . .
X.5 . −1 −1 . . . . 1 1 1 . . .
X.6 −1 . . 1 1 −1 −1 . . . . . .
X.7 1 . . −1 −1 1 1 . . . . . .
X.8 −2 −1 −1 . . 1 1 . . . . −1 −1
X.9 2 −1 −1 . . −1 −1 . . . . 1 1
X.10 . 1 1 . . . . −1 −1 −1 . . .
X.11 −1 . . 1 1 . . −1 −1 −1 . 1 1
X.12 1 . . −1 −1 . . −1 −1 −1 . −1 −1
X.13 −2 . . . . . . . . . −1 1 1
X.14 2 . . . . . . . . . 1 −1 −1
X.15 1 1 1 −1 −1 . . . . . . 1 1
X.16 −1 1 1 1 1 . . . . . . −1 −1
X.17 . . . . . . . −2 . . . . .
X.18 1 . . −1 1 . . 1 −1 −1 . 1 −1
X.19 −1 . . 1 −1 . . 1 −1 −1 . −1 1
X.20 −1 . . −1 1 . . 1 −1 −1 . 1 −1
X.21 1 . . 1 −1 . . 1 −1 −1 . −1 1
X.22 −1 . . −1 −1 . . . . . . 1 1
X.23 1 . . 1 1 . . . . . . −1 −1
X.24 . 1 1 . . . . . . . . . .
X.25 2 . . . . . . 1 1 1 −1 . .
X.26 −2 . . . . . . 1 1 1 1 . .
X.27 −2 . . . . . . −1 1 1 . . .
X.28 . . . . . . . −1 −1 −1 . . .
X.29 2 . . . . . . −1 1 1 . . .
X.30 . . . . . 1 1 . . . −1 . .
X.31 . . . . . −1 −1 . . . 1 . .
X.32 . −1 −1 . . . . . . . . . .
X.33 −1 . . 1 −1 . . . . . . 1 −1
X.34 1 . . −1 1 . . . . . . −1 1
X.35 . −1 3 . . . . . . . . . .
X.36 . 3 −1 . . . . . . . . . .
X.37 1 . . 1 −1 . . . . . . 1 −1
X.38 −1 . . −1 1 . . . . . . −1 1
X.39 . −1 3 . . . . . . . . . .
X.40 . 3 −1 . . . . . . . . . .
X.41 . . . . . −1 −1 . . . . 1 1
X.42 . . . . . 1 1 . . . . 1 1
X.43 . . . . . −1 −1 . . . . −1 −1
X.44 . . . . . 1 1 . . . . −1 −1
X.45 . . . . . . . −1 D D¯ . . .
X.46 . . . . . . . −1 D¯ D . . .
X.47 . . . . . . . . . . . . .
X.48 . . . . . . . . . . 1 1 −1
X.49 . . . . . . . . . . −1 1 −1
X.50 . . . . . . . . . . 1 −1 1
X.51 . . . . . . . . . . −1 −1 1
X.52 −1 . . 1 −1 . . . . . . . .
X.53 −1 . . −1 1 . . . . . . . .
X.54 . −2 −2 . . . . . . . . . .
X.55 1 . . −1 1 . . . . . . . .
X.56 1 . . 1 −1 . . . . . . . .
X.57 . . . . . E E¯ . . . . . .
X.58 . . . . . E¯ E . . . . . .
X.59 . . . . . . . . . . . 1 1
X.60 . . . . . . . . . . . −1 −1
X.61 . . . . . . . −1 1 1 . . .
X.62 . . . . . . . −1 1 1 . . .
X.63 . . . . . . . 1 D¯ D . . .
X.64 . . . . . . . 1 D D¯ . . .
X.65 . . . . . 1 1 . . . . . .
X.66 . . . . . 1 1 . . . . . .
X.67 . . . . . −1 −1 . . . . . .
X.68 . . . . . −1 −1 . . . . . .
X.69 2 . . . . . . . . . . 1 −1
X.70 . . . . . . . . . . . . .
X.71 −2 . . . . . . . . . . 1 −1
X.72 2 . . . . . . . . . . −1 1
X.73 −2 . . . . . . . . . . −1 1
X.74 . . . . . . . . . . . . .
X.75 . . . . . . . . . . . . .
X.76 . . . . . . . . . . . −1 −1
X.77 . . . . . . . . . . . 1 1
X.78 . . . . . . . . . . . −1 −1
X.79 . . . . . . . . . . . 1 1
X.80 . . . . . . . 2 . . . . .
X.81 . . . . . . . 1 −1 −1 . . .
X.82 . −3 1 . . . . . . . . . .
X.83 . 1 −3 . . . . . . . . . .
X.84 . 1 1 . . . . . . . . . .
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Character table of H(Fi22) (continued)
2 17 17 16 15 15 16 16 14 10 12 12 13 11 10 7 8 5 12 10 12 10 10
3 4 4 4 2 2 1 1 2 2 1 1 . 1 1 4 3 3 3 2 1 1 1
5 1 1 1 . . . . . 1 . . . . . . . . . 1 . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 3a 3b 3c 41 42 43 44 45
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 3b 3c 2a 2a 2a 2e 2a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 1a 1a 1a 41 42 43 44 45
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 3a 3b 3c 41 42 43 44 45
X.85 720 720 720 −48 −48 −48 −48 −48 . . . 16 . . −9 . . 48 . −16 . .
X.86 768 −768 . 128 −128 . . . . . . . . . −24 24 . . . . . .
X.87 810 810 810 90 90 42 42 90 . 18 18 26 18 . . . . −54 . −6 . .
X.88 810 810 810 −54 −54 42 42 −54 . −6 −6 10 −6 . . . . −54 . 42 . .
X.89 810 810 810 18 18 42 42 18 . −18 −18 18 −18 12 . . . −54 . 18 . 12
X.90 810 810 810 18 18 42 42 18 . −18 −18 18 −18 −12 . . . −54 . 18 . −12
X.91 864 864 −864 96 96 −32 32 −96 24 . . . . 8 . 9 . . −24 . 8 −8
X.92 864 864 −864 −96 −96 −32 32 96 −24 . . . . 8 . 9 . . 24 . −8 −8
X.93 864 864 −864 −96 −96 −32 32 96 24 . . . . −8 . 9 . . −24 . 8 8
X.94 864 864 −864 96 96 −32 32 −96 −24 . . . . −8 . 9 . . 24 . −8 8
X.95 960 960 960 . . −64 −64 . . . . . . 16 24 −6 . 64 . . . 16
X.96 960 960 960 . . −64 −64 . . . . . . −16 24 −6 . 64 . . . −16
X.97 960 −960 . −160 160 . . . . 16 −16 . . . −12 24 6 . . . . .
X.98 960 −960 . 96 −96 . . . . 16 −16 . . . 6 . −6 . . . . .
X.99 960 −960 . 96 −96 . . . . 16 −16 . . . 6 . −6 . . . . .
X.100 1080 1080 −1080 48 48 −40 40 −48 30 12 12 . −12 10 . −9 . . −30 . 10 −10
X.101 1080 1080 −1080 −48 −48 −40 40 48 −30 12 12 . −12 −2 . −9 . . 30 . −10 2
X.102 1080 1080 1080 −24 −24 56 56 −24 60 . . −24 . −4 . −9 . −72 60 −24 −4 −4
X.103 1080 1080 1080 −24 −24 56 56 −24 −60 . . −24 . 4 . −9 . −72 −60 −24 4 4
X.104 1080 1080 −1080 −48 −48 −40 40 48 30 12 12 . −12 2 . −9 . . −30 . 10 −2
X.105 1080 1080 −1080 48 48 −40 40 −48 −30 12 12 . −12 −10 . −9 . . 30 . −10 10
X.106 1280 −1280 . −128 128 . . . . . . . . . 20 8−4 . . . . .
X.107 1280 −1280 . −128 128 . . . . . . . . . 20 8−4 . . . . .
X.108 1296 1296 −1296 . . −48 48 . 36 −24 −24 . 24 −12 . . . . −36 . 12 12
X.109 1296 1296 −1296 . . −48 48 . −36 −24 −24 . 24 12 . . . . 36 . −12 −12
X.110 1440 1440 1440 96 96 −96 −96 96 . . . −32 . . −18 . . 96 . 32 . .
X.111 1440 −1440 . −48 48 . . . . −24 24 . . . −18 . . . . . . .
X.112 1440 −1440 . −48 48 . . . . −24 24 . . . −18 . . . . . . .
X.113 1920 −1920 . −64 64 . . . . 32 −32 . . . −24 −24 −6 . . . . .
X.114 2048 −2048 . . . . . . . . . . . . 32 −16 8 . . . . .
X.115 2592 −2592 . 144 −144 . . . . −24 24 . . . . . . . . . . .
Character table of H(Fi22) (continued)
2 10 10 10 10 10 11 11 9 9 9 9 8 8 9 9 9 9 8 8 8 8 7 3 7 7
3 1 1 1 1 1 . . 1 1 1 1 1 1 . . . . . . . . . . 4 4
5 . . . . . . . . . . . . . . . . . . . . . . 1 . .
46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 5a 6a 6b
2P 2e 2e 2e 2e 2e 2e 2e 2c 2c 2g 2g 2i 2j 2e 2e 2f 2e 2i 2i 2j 2i 2i 5a 3a 3a
3P 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 5a 2a 2b
5P 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 41 1a 6a 6c
X.85 . . . . . . . −8 −8 8 8 . . . . . . . . . . . . −9 −9
X.86 . . . . . . . . . . . . . . . . . . . . . . −2 24 .
X.87 −6 . . . −6−14 −14 −6 −6 −6 −6 . . . . 2 2 . −2 . −2 −2 . . .
X.88 −6 . . . −6 −6 −6 −6 −6 −6 −6 . . . . 10 −6 . 2 . 2 2 . . .
X.89 −6 12 12 . −6 −2 −2 6 6 6 6 −6 −6 −4 −4 −2 6 −2 . −2 . . . . .
X.90 −6 −12 −12 . −6 −2 −2 6 6 6 6 6 6 4 4 −2 6 2 . 2 . . . . .
X.91 −8 8 −8 −8 8 . . . . . . . . . . . . . . . . . −1 . .
X.92 8 8 −8 8 −8 . . . . . . . . . . . . . . . . . −1 . .
X.93 8 −8 8 −8 −8 . . . . . . . . . . . . . . . . . −1 . .
X.94 −8 −8 8 8 8 . . . . . . . . . . . . . . . . . −1 . .
X.95 . −16 −16 . . . . . . . . . . . . . . . . . . . . 24 24
X.96 . 16 16 . . . . . . . . . . . . . . . . . . . . 24 24
X.97 . . . . . . . . . −8 8 . . . . . . . . . . . . 12 .
X.98 . . . . . . . . . 8 −8 . . . . . . . . . . . . −6 G
X.99 . . . . . . . . . 8 −8 . . . . . . . . . . . . −6 G¯
X.100 −4 −2 2 −10 4 −4 4 . . . . . . −2 2 . . −4 −2 4 −2 2 . . .
X.101 4 10 −10 10 −4 −4 4 . . . . . . 2 −2 . . −4 2 4 2 −2 . . .
X.102 8 −4 −4 −4 8 . . . . . . . . −4 −4 . . . . . . . . . .
X.103 8 4 4 4 8 . . . . . . . . 4 4 . . . . . . . . . .
X.104 4 −10 10 −10 −4 −4 4 . . . . . . −2 2 . . 4 2 −4 2 −2 . . .
X.105 −4 2 −2 10 4 −4 4 . . . . . . 2 −2 . . 4 −2 −4 −2 2 . . .
X.106 . . . . . . . . . . . . . . . . . . . . . . . −20 H
X.107 . . . . . . . . . . . . . . . . . . . . . . . −20 H¯
X.108 . 12 −12 −12 . 8 −8 . . . . . . 4 −4 . . . . . . . 1 . .
X.109 . −12 12 12 . 8 −8 . . . . . . −4 4 . . . . . . . 1 . .
X.110 . . . . . . . . . . . . . . . . . . . . . . . −18 −18
X.111 . . . . . . . . . 4 −4 . . . . . . . 4 . −4 . . 18 G
X.112 . . . . . . . . . 4 −4 . . . . . . . 4 . −4 . . 18 G¯
X.113 . . . . . . . . . . . . . . . . . . . . . . . 24 .
X.114 . . . . . . . . . . . . . . . . . . . . . . −2 −32 .
X.115 . . . . . . . . . −12 12 . . . . . . . −4 . 4 . 2 . .
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Character table of H(Fi22) (continued)
2 7 8 7 7 7 7 7 5 6 6 4 7 7 5 5 4 4 4 4 5 5 5 3 4 7 7 7 7 7
3 4 3 3 2 2 2 2 3 2 2 3 1 1 2 2 2 2 2 2 1 1 1 2 1 1 1 . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6c 6d 6e 6f 6g 6h 6i 6j 6k 6l 6m 6n 6o 6p 6q 6r 6s 6t 6u 6v 6w 6x 6y 6z 8a 8b 8c 8d 8e
2P 3a 3b 3b 3a 3a 3a 3a 3c 3b 3b 3c 3b 3b 3b 3b 3c 3c 3c 3c 3c 3c 3b 3c 3c 41 41 411 411 411
3P 2b 2a 2b 2c 2g 2g 2d 2a 2c 2d 2b 2e 2f 2h 2g 2g 2g 2d 2c 2i 2j 2m 2h 2l 8a 8b 8c 8d 8e
5P 6b 6d 6e 6f 6h 6g 6i 6j 6k 6l 6m 6n 6o 6p 6q 6s 6r 6t 6u 6v 6w 6x 6y 6z 8a 8b 8c 8d 8e
X.85 −9 . . 3 3 3 3 . . . . . . . . . . . . . . . . . . . . . .
X.86 . −24 . 8 . . −8 . −4 4 . . . . . . . 4−4 . . . . . . . . . .
X.87 . . . . . . . . . . . . . . . . . . . . . . . . . . . −2 −2
X.88 . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2
X.89 . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . .
X.90 . . . . . . . . . . . . . . . . . . . . . . . . . . −2 . .
X.91 . 9−9 . . . . . −3−3 . 1 −1 3 3 . . . . . . −1 . . −4 4 . . .
X.92 . 9−9 . . . . . 3 3 . 1 −1−3 −3 . . . . . . −1 . . −4 4 . . .
X.93 . 9−9 . . . . . 3 3 . 1 −1 3 −3 . . . . . . 1 . . 4 −4 . . .
X.94 . 9−9 . . . . . −3−3 . 1 −1−3 3 . . . . . . 1 . . 4 −4 . . .
X.95 24 −6−6 . . . . . . . . 2 2 . . . . . . . . −2 . . . . . . .
X.96 24 −6−6 . . . . . . . . 2 2 . . . . . . . . 2 . . . . . . .
X.97 . −24 . −4 . . 4−6 −4 4 . . . . . . . −2 2 −2 2 . . . . . . . .
X.98 G¯ . . −6 B¯ B 6 6 . . . . . . . B B¯ . . −2 2 . . . . . . . .
X.99 G . . −6 B B¯ 6 6 . . . . . . . B¯ B . . −2 2 . . . . . . . .
X.100 . −9 9 . . . . . 3 3 . −1 1−3 −3 . . . . . . 1 . . −2 2 . 2 −2
X.101 . −9 9 . . . . . −3−3 . −1 1 3 3 . . . . . . 1 . . −2 2 . −2 2
X.102 . −9−9 . . . . . 3 3 . −1 −1 3 3 . . . . . . −1 . . 4 4 . . .
X.103 . −9−9 . . . . . 3 3 . −1 −1−3 3 . . . . . . 1 . . −4 −4 . . .
X.104 . −9 9 . . . . . −3−3 . −1 1−3 3 . . . . . . −1 . . 2 −2 . −2 2
X.105 . −9 9 . . . . . 3 3 . −1 1 3 −3 . . . . . . −1 . . 2 −2 . 2 −2
X.106 H¯ −8 . 4 I I¯ −4 4 4−4 . . . . . B B¯ 2−2 . . . . . . . . . .
X.107 H −8 . 4 I¯ I −4 4 4−4 . . . . . B¯ B 2−2 . . . . . . . . . .
X.108 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.109 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X.110 −18 . . −6 −6−6 −6 . . . . . . . . . . . . . . . . . . . . . .
X.111 G¯ . . −6 A¯ A 6 . . . . . . . . . . . . . . . . . . . . . .
X.112 G . . −6 A A¯ 6 . . . . . . . . . . . . . . . . . . . . . .
X.113 . 24 . 8 . . −8 6 −4 4 . . . . . . . −2 2 2 −2 . . . . . . . .
X.114 . 16 . . . . . −8 . . . . . . . . . . . . . . . . . . . . .
X.115 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Character table of H(Fi22) (continued)
2 7 7 6 5 5 5 2 3 2 2 5 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5
3 . . . . . . 2 . . . 3 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
5 . . . . . . . 1 1 1 . . . . . . . . . . . . . . . .
8f 8g 8h 8i 8j 8k 9a 10a 10b 10c 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 12k 12l 12m 12n 12o 12p
2P 43 411 412 413 414 421 9a 5a 5a 5a 6a 6d 6d 6d 6n 6d 6n 6n 6n 6g 6h 6a 6g 6h 6n 6n
3P 8f 8g 8h 8i 8j 8k 3a 10a 10b 10c 41 41 41 42 44 45 46 47 48 415 415 43 416 416 410 49
5P 8f 8g 8h 8i 8j 8k 9a 2a 2h 2b 12a 12b 12c 12d 12e 12f 12g 12h 12i 12k 12j 12l 12n 12m 12o 12p
X.85 . . . . . . . . . . 3 . . . . . . . . F¯ F −1 F¯ F . .
X.86 . . . . . . . 2 . . . . . . . . . . . . . . . . . .
X.87 2 . . . . 2 . . . . . . . . . . . . . . . . . . . .
X.88 2 . . . . −2 . . . . . . . . . . . . . . . . . . . .
X.89 −2 −2 2 . . . . . . . . . . . . . . . . . . . . . . .
X.90 −2 2 −2 . . . . . . . . . . . . . . . . . . . . . . .
X.91 . . . . . . . −1 −1 1 . −3 3 −3 −1 1 1 −1 1 . . . . . −1 1
X.92 . . . . . . . −1 1 1 . −3 3 3 1 1 −1 −1 1 . . . . . 1 −1
X.93 . . . . . . . −1 −1 1 . −3 3 −3 −1 −1 −1 1 −1 . . . . . 1 1
X.94 . . . . . . . −1 1 1 . −3 3 3 1 −1 1 1 −1 . . . . . −1 −1
X.95 . . . . . . . . . . −8 −2 −2 . . −2 . 2 2 . . . . . . .
X.96 . . . . . . . . . . −8 −2 −2 . . 2 . −2 −2 . . . . . . .
X.97 . . . . . . . . . . . . . . . . . . . −2 −2 . 2 2 . .
X.98 . . . . . . . . . . . . . . . . . . . −C¯ −C . C¯ C . .
X.99 . . . . . . . . . . . . . . . . . . . −C −C¯ . C C¯ . .
X.100 . . . . . . . . . . . 3 −3 3 1 −1 −1 1 −1 . . . . . 1 −1
X.101 . . . . . . . . . . . 3 −3 −3 −1 −1 1 1 −1 . . . . . −1 1
X.102 . . . . . . . . . . . 3 3 3 −1 −1 −1 −1 −1 . . . . . −1 −1
X.103 . . . . . . . . . . . 3 3 −3 1 1 −1 1 1 . . . . . −1 1
X.104 . . . . . . . . . . . 3 −3 3 1 1 1 −1 1 . . . . . −1 −1
X.105 . . . . . . . . . . . 3 −3 −3 −1 1 −1 −1 1 . . . . . 1 1
X.106 . . . . . . −1 . . . . . . . . . . . . . . . . . . .
X.107 . . . . . . −1 . . . . . . . . . . . . . . . . . . .
X.108 . . . . . . . 1 1 −1 . . . . . . . . . . . . . . . .
X.109 . . . . . . . 1 −1 −1 . . . . . . . . . . . . . . . .
X.110 . . . . . . . . . . 6 . . . . . . . . . . 2 . . . .
X.111 . . . . . . . . . . . . . . . . . . . C¯ C . −C¯ −C . .
X.112 . . . . . . . . . . . . . . . . . . . C C¯ . −C −C¯ . .
X.113 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.114 . . . . . . 2 2 . . . . . . . . . . . . . . . . . .
X.115 . . . . . . . −2 . . . . . . . . . . . . . . . . . .
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Character table of H(Fi22) (continued)
2 3 4 4 3 3 5 5 2 2 2 2 4 4
3 2 1 1 1 1 . . 2 2 2 . 1 1
5 . . . . . . . . . . 1 . .
12q 12r 12s 12t 12u 16a 16b 18a 18b 18c 20a 24a 24b
2P 6j 6f 6f 6v 6w 8f 8f 9a 9a 9a 10a 12b 12b
3P 42 413 414 417 418 16a 16b 6a 6b 6c 20a 8a 8b
5P 12q 12r 12s 12t 12u 16b 16a 18a 18c 18b 42 24a 24b
X.85 . 1 1 . . . . . . . . . .
X.86 . . . . . . . . . . . . .
X.87 . . . . . . . . . . . . .
X.88 . . . . . . . . . . . . .
X.89 . . . . . . . . . . . . .
X.90 . . . . . . . . . . . . .
X.91 . . . . . . . . . . 1 −1 1
X.92 . . . . . . . . . . −1 −1 1
X.93 . . . . . . . . . . 1 1 −1
X.94 . . . . . . . . . . −1 1 −1
X.95 . . . . . . . . . . . . .
X.96 . . . . . . . . . . . . .
X.97 . . . . . . . . . . . . .
X.98 . . . . . . . . . . . . .
X.99 . . . . . . . . . . . . .
X.100 . . . . . . . . . . . 1 −1
X.101 . . . . . . . . . . . 1 −1
X.102 . . . . . . . . . . . 1 1
X.103 . . . . . . . . . . . −1 −1
X.104 . . . . . . . . . . . −1 1
X.105 . . . . . . . . . . . −1 1
X.106 . . . . . . . 1 D D¯ . . .
X.107 . . . . . . . 1 D¯ D . . .
X.108 . . . . . . . . . . −1 . .
X.109 . . . . . . . . . . 1 . .
X.110 . . . . . . . . . . . . .
X.111 . . . . . . . . . . . . .
X.112 . . . . . . . . . . . . .
X.113 . . . . . . . . . . . . .
X.114 . . . . . . . −2 . . . . .
X.115 . . . . . . . . . . . . .
where A = −6i√3; B = 2i√3; C = 1 + i√3; D = −i√3; E = −2(ζ38 + ζ8);
F = −1 + 2i√3; G = −18i√3; H = 12i√3; and I = 4i√3.
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B.5. Character table of D(Fi22) = 〈x, y〉
2 17 17 16 15 15 16 16 14 12 12 13 13 13 11 12 10 11 11 10 10 5 12 12 10
3 1 1 1 1 1 . . 1 1 1 . . . 1 . 1 . . . . 1 . . 1
5 1 1 1 . . . . . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 3a 41 42 43
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 2a 2a 2a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 1a 41 42 43
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 3a 41 42 43
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 −1 1 1 −1 1 1 1 1 −1
X.3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 −2 . . −2 . 1 4 4 −2
X.4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 2 . . 2 . 1 4 4 2
X.5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 1 1 1 1 −1 5 5 1
X.6 5 5 5 −3 −3 5 5 −3 1 1 5 5 −3 1 −3 −3 1 1 1 1 2 −3 5 −3
X.7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 −1 1 1 −1 1 −1 5 5 −1
X.8 5 5 5 −3 −3 5 5 −3 1 1 5 5 −3 1 −3 3 1 1 −1 1 2 −3 5 3
X.9 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 . −2 −2 . −2 . 6 6 .
X.10 10 10 10 −6 −6 10 10 −6 2 2 10 10 −6 2 −6 . 2 2 . 2 −2 −6 10 .
X.11 10 10 10 2 2 10 10 2 −2 −2 10 10 2 −2 2 4 2 2 . 2 1 2 10 4
X.12 10 10 10 2 2 10 10 2 −2 −2 10 10 2 −2 2 −2−2 −2 2−2 1 2 10 −2
X.13 10 10 10 2 2 10 10 2 −2 −2 10 10 2 −2 2 2−2 −2 −2−2 1 2 10 2
X.14 10 10 10 2 2 10 10 2 −2 −2 10 10 2 −2 2 −4 2 2 . 2 1 2 10 −4
X.15 15 15 15 15 15 15 15 15 15 15 −1 −1 15 15 −1 3 3 3 3 3 . −1 −1 3
X.16 15 15 15 15 15 15 15 15 15 15 −1 −1 15 15 −1 3−1 −1 3−1 . −1 −1 3
X.17 15 15 15 −9 −9 15 15 −9 3 3 −1 −1 −9 3 7 3 3 3 −1 3 . 7 −1 3
X.18 15 15 15 −9 −9 15 15 −9 3 3 −1 −1 −9 3 7 3−1 −1 −1−1 . 7 −1 3
X.19 15 15 15 −9 −9 15 15 −9 3 3 15 15 −9 3 −9 3−1 −1 −1−1 . −9 15 3
X.20 15 15 15 15 15 15 15 15 15 15 −1 −1 15 15 −1 −3−1 −1 −3−1 . −1 −1 −3
X.21 15 15 15 15 15 15 15 15 15 15 −1 −1 15 15 −1 −3 3 3 −3 3 . −1 −1 −3
X.22 15 15 15 −9 −9 15 15 −9 3 3 −1 −1 −9 3 7 −3−1 −1 1−1 . 7 −1 −3
X.23 15 15 15 −9 −9 15 15 −9 3 3 15 15 −9 3 −9 −3−1 −1 1−1 . −9 15 −3
X.24 15 15 15 −9 −9 15 15 −9 3 3 −1 −1 −9 3 7 −3 3 3 1 3 . 7 −1 −3
X.25 20 20 20 4 4 20 20 4 −4 −4 20 20 4 −4 4 −2 . . −2 . −1 4 20 −2
X.26 20 20 20 4 4 20 20 4 −4 −4 20 20 4 −4 4 2 . . 2 . −1 4 20 2
X.27 30 30 30 6 6 30 30 6 −6 −6 −2 −2 6 −6 6 . −2 −2 4−2 . 6 −2 .
X.28 30 30 30 6 6 30 30 6 −6 −6 −2 −2 6 −6 6 . −2 −2 −4−2 . 6 −2 .
X.29 30 30 30 30 30 30 30 30 30 30 −2 −2 30 30 −2 . −2 −2 . −2 . −2 −2 .
X.30 30 30 30 −18 −18 30 30 −18 6 6 −2 −2−18 6 14 . −2 −2 . −2 . 14 −2 .
X.31 30 30 30 6 6 30 30 6 −6 −6 −2 −2 6 −6 6 6 2 2 2 2 . 6 −2 6
X.32 30 30 30 6 6 30 30 6 −6 −6 −2 −2 6 −6 6 −6 2 2 −2 2 . 6 −2 −6
X.33 32 −32 . 16 −16 . . . 8 −8 . . . . . . 8 −8 . . 2 . . .
X.34 40 40 −40 16 16 8 −8 −16 4 4 8 −8 . −4 . −2−4 −4 −6 4 1 . . 2
X.35 40 40 −40 −16 −16 8 −8 16 4 4 8 −8 . −4 . 2−4 −4 −2 4 1 . . −2
X.36 40 40 −40 −16 −16 8 −8 16 4 4 8 −8 . −4 . −10 4 4 2−4 1 . . 10
X.37 40 40 −40 16 16 8 −8 −16 4 4 8 −8 . −4 . 10 4 4 6−4 1 . . −10
X.38 40 40 −40 −16 −16 8 −8 16 4 4 8 −8 . −4 . −2−4 −4 2 4 1 . . 2
X.39 40 40 −40 16 16 8 −8 −16 4 4 8 −8 . −4 . 2−4 −4 6 4 1 . . −2
X.40 40 40 −40 16 16 8 −8 −16 4 4 8 −8 . −4 . −10 4 4 −6−4 1 . . 10
X.41 40 40 −40 −16 −16 8 −8 16 4 4 8 −8 . −4 . 10 4 4 −2−4 1 . . −10
X.42 60 60 60 −36 −36 60 60 −36 12 12 −4 −4−36 12 −4 −6 . . 2 . . −4 −4 −6
X.43 60 60 60 −36 −36 60 60 −36 12 12 −4 −4−36 12 −4 6 . . −2 . . −4 −4 6
X.44 60 60 60 12 12 60 60 12 −12 −12 −4 −4 12 −12 12 . 4 4 . 4 . 12 −4 .
X.45 60 60 60 12 12 60 60 12 −12 −12 −4 −4 12 −12 −20 −6 . . 2 . . −20 −4 −6
X.46 60 60 60 12 12 60 60 12 −12 −12 −4 −4 12 −12 −20 6 . . −2 . . −20 −4 6
X.47 60 60 60 12 12 60 60 12 −12 −12 −4 −4 12 −12 12 . −4 −4 . −4 . 12 −4 .
X.48 80 80 −80 −32 −32 16 −16 32 8 8 16 −16 . −8 . 8 . . . . −1 . . −8
X.49 80 80 −80 −32 −32 16 −16 32 8 8 16 −16 . −8 . −8 . . . . −1 . . 8
X.50 80 80 −80 . . 16 −16 . −8 −8 16 −16 . 8 . 12 . . −4 . 2 . . −12
X.51 80 80 −80 32 32 16 −16 −32 8 8 16 −16 . −8 . −8 . . . . −1 . . 8
X.52 80 80 −80 32 32 16 −16 −32 8 8 16 −16 . −8 . 8 . . . . −1 . . −8
X.53 80 80 −80 . . 16 −16 . −8 −8 16 −16 . 8 . −12 . . 4 . 2 . . 12
X.54 96 96 −96 . . −32 32 . . . . . . . . . 8 8 . −8 . . . .
X.55 96 96 −96 . . −32 32 . . . . . . . . . 8 8 . −8 . . . .
X.56 96 96 −96 . . −32 32 . . . . . . . . . −8 −8 . 8 . . . .
X.57 96 96 −96 . . −32 32 . . . . . . . . . −8 −8 . 8 . . . .
X.58 96 −96 . 48 −48 . . . 24 −24 . . . . . . −8 8 . . . . . .
X.59 96 −96 . 48 −48 . . . 24 −24 . . . . . . −8 8 . . . . . .
X.60 120 120 120 24 24 −8 −8 24 . . 8 8 −8 . 8−12 12 12 −4 12 . −8 −8−12
X.61 120 120 120 24 24 −8 −8 24 . . −8 −8 −8 . −8 . . . −8 . . 8 8 .
X.62 120 120 −120 −48 −48 24 −24 48 12 12 −8 8 . −12 . 6 4 4 2−4 . . . −6
X.63 120 120 120 24 24 −8 −8 24 . . −8 −8 −8 . −8 . . . −8 . . 8 8 .
X.64 120 120 120 −24 −24 −8 −8 −24 . . 8 8 8 . −8−12 . . 4 . . 8 −8−12
X.65 120 120 120 24 24 −8 −8 24 . . −8 −8 −8 . −8 . . . 8 . . 8 8 .
X.66 120 120 −120 48 48 24 −24 −48 12 12 −8 8 . −12 . −6 4 4−10 −4 . . . 6
X.67 120 120 −120 48 48 24 −24 −48 12 12 −8 8 . −12 . 6−4 −4 2 4 . . . −6
X.68 120 120 −120 −48 −48 24 −24 48 12 12 −8 8 . −12 . −6−4 −4 6 4 . . . 6
X.69 120 120 120 24 24 −8 −8 24 . . 8 8 −8 . 8 12 −4 −4 4−4 . −8 −8 12
X.70 120 120 120 24 24 −8 −8 24 . . −8 −8 −8 . −8 . . . 8 . . 8 8 .
X.71 120 120 120 −24 −24 −8 −8 −24 . . 8 8 8 . −8 12 . . −4 . . 8 −8 12
X.72 120 120 120 −24 −24 −8 −8 −24 . . 8 8 8 . −8 12 . . −4 . . 8 −8 12
X.73 120 120 120 24 24 −8 −8 24 . . 8 8 −8 . 8 12 12 12 4 12 . −8 −8 12
X.74 120 120 −120 −48 −48 24 −24 48 12 12 −8 8 . −12 . 6−4 −4 −6 4 . . . −6
X.75 120 120 −120 48 48 24 −24 −48 12 12 −8 8 . −12 . −6−4 −4 −2 4 . . . 6
X.76 120 120 −120 48 48 24 −24 −48 12 12 −8 8 . −12 . 6 4 4 10 −4 . . . −6
X.77 120 120 −120 −48 −48 24 −24 48 12 12 −8 8 . −12 . −6 4 4 −2−4 . . . 6
X.78 120 120 120 −24 −24 −8 −8 −24 . . 8 8 8 . −8−12 . . 4 . . 8 −8−12
X.79 120 120 120 24 24 −8 −8 24 . . 8 8 −8 . 8−12 −4 −4 −4−4 . −8 −8−12
X.80 128 −128 . 64 −64 . . . 32 −32 . . . . . . . . . . 2 . . .
X.81 160 −160 . 80 −80 . . . 40 −40 . . . . . . 8 −8 . . −2 . . .
X.82 160 −160 . −48 48 . . . 8 −8 . . . . . . 8 −8 . . 4 . . .
X.83 160 160 −160 . . 32 −32 . −16 −16 32 −32 . 16 . . . . . . −2 . . .
X.84 160 −160 . −48 48 . . . 8 −8 . . . . . . 8 −8 . . −2 . . .
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Character table of D(Fi22) (continued)
2 11 11 10 10 10 10 10 10 10 10 10 8 8 9 9 9 9 9 9 9 9 9 9 8 8 8
3 . . . . . . . . . . . 1 1 . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . .
44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
2P 2e 2e 2e 2e 2e 2e 2e 2e 2a 2e 2e 2h 2i 2c 2c 2j 2g 2f 2j 2e 2e 2e 2g 2j 2h 2j
3P 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
5P 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 −1 1 −1 1 1 −1 −1 1 −1 −1 −1 1 1 1 1 1 1 −1 1 −1 1 −1 −1 −1
X.3 4 4 −2 . −2 . 4 −2 −2 4 −2 −2 −2 . . . . 4 . −2 4 −2 . −2 −2 −2
X.4 4 4 2 . 2 . 4 2 2 4 2 2 2 . . . . 4 . 2 4 2 . 2 2 2
X.5 5 5 1 1 1 1 5 1 1 5 1 1 1 1 1 1 1 5 1 1 5 1 1 1 1 1
X.6 1 1 1 1 −3 1 −3 1 1 −3 −3 3 3 1 1 1 1 1 1 1 1 1 1 1 −1 −3
X.7 5 5 −1 1 −1 1 5 −1 −1 5 −1 −1 −1 1 1 1 1 5 1 −1 5 −1 1 −1 −1 −1
X.8 1 1 −1 1 3 1 −3 −1 −1 −3 3 −3 −3 1 1 1 1 1 1 −1 1 −1 1 −1 1 3
X.9 6 6 . −2 . −2 6 . . 6 . . . −2 −2 −2 −2 6 −2 . 6 . −2 . . .
X.10 2 2 . 2 . 2 −6 . . −6 . . . 2 2 2 2 2 2 . 2 . 2 . . .
X.11 −2 −2 . 2 4 2 2 . . 2 4 2 2 −2 −2 2 −2 −2 2 . −2 . −2 . −2 4
X.12 −2 −2 2 −2 −2−2 2 2 2 2 −2 −4 −4 2 2 −2 2 −2 −2 2 −2 2 2 2 . −2
X.13 −2 −2 −2 −2 2−2 2 −2 −2 2 2 4 4 2 2 −2 2 −2 −2 −2 −2 −2 2 −2 . 2
X.14 −2 −2 . 2 −4 2 2 . . 2 −4 −2 −2 −2 −2 2 −2 −2 2 . −2 . −2 . 2 −4
X.15 −1 −1 3 3 3 3 −1 3 3 −1 3 3 3 3 3 −1 3 −1 −1 3 −1 3 3 −1 3 −1
X.16 −1 −1 3 −1 3−1 −1 3 3 −1 3 3 3 −1 −1 3 −1 −1 3 3 −1 3 −1 −1 3 −1
X.17 3 3 −1 3 3 3 −1 −1 −1 −1 3 −3 −3 3 3 −1 3 3 −1 −1 −5 −1 3 3 1 −1
X.18 3 3 −1 −1 3−1 −1 −1 −1 −1 3 −3 −3 −1 −1 3 −1 3 3 −1 −5 −1 −1 3 1 −1
X.19 3 3 −1 −1 3−1 −9 −1 −1 −9 3 −3 −3 −1 −1 −1 −1 3 −1 −1 3 −1 −1 −1 1 3
X.20 −1 −1 −3 −1 −3−1 −1 −3 −3 −1 −3 −3 −3 −1 −1 3 −1 −1 3 −3 −1 −3 −1 1 −3 1
X.21 −1 −1 −3 3 −3 3 −1 −3 −3 −1 −3 −3 −3 3 3 −1 3 −1 −1 −3 −1 −3 3 1 −3 1
X.22 3 3 1 −1 −3−1 −1 1 1 −1 −3 3 3 −1 −1 3 −1 3 3 1 −5 1 −1 −3 −1 1
X.23 3 3 1 −1 −3−1 −9 1 1 −9 −3 3 3 −1 −1 −1 −1 3 −1 1 3 1 −1 1 −1 −3
X.24 3 3 1 3 −3 3 −1 1 1 −1 −3 3 3 3 3 −1 3 3 −1 1 −5 1 3 −3 −1 1
X.25 −4 −4 −2 . −2 . 4 −2 −2 4 −2 2 2 . . . . −4 . −2 −4 −2 . −2 2 −2
X.26 −4 −4 2 . 2 . 4 2 2 4 2 −2 −2 . . . . −4 . 2 −4 2 . 2 −2 2
X.27 10 10 4 −2 . −2 −2 4 4 −2 . −6 −6 2 2 −2 2 −6 −2 4 2 4 2 −4 −2 .
X.28 10 10 −4 −2 . −2 −2 −4 −4 −2 . 6 6 2 2 −2 2 −6 −2 −4 2 −4 2 4 2 .
X.29 −2 −2 . −2 . −2 −2 . . −2 . . . −2 −2 −2 −2 −2 −2 . −2 . −2 . . .
X.30 6 6 . −2 . −2 −2 . . −2 . . . −2 −2 −2 −2 6 −2 . −10 . −2 . . .
X.31 10 10 2 2 6 2 −2 2 2 −2 6 . . −2 −2 2 −2 −6 2 2 2 2 −2 2 −4 −2
X.32 10 10 −2 2 −6 2 −2 −2 −2 −2 −6 . . −2 −2 2 −2 −6 2 −2 2 −2 −2 −2 4 2
X.33 . . . . . . . . . . . . . . . . 4 . . . . . −4 . . .
X.34 4 −4 2 4 6−4 4 −2 6 −4 −6 4 −4 . . −4 . . 4 −2 . 2 . 2 . 2
X.35 4 −4 6 4 −6−4 −4 −6 2 4 6 4 −4 . . −4 . . 4 2 . −2 . −2 . −2
X.36 4 −4 −6 −4 −2 4 −4 6 −2 4 2 4 −4 . . 4 . . −4 −2 . 2 . 2 . 2
X.37 4 −4 −2 −4 2 4 4 2 −6 −4 −2 4 −4 . . 4 . . −4 2 . −2 . −2 . −2
X.38 4 −4 −6 4 6−4 −4 6 −2 4 −6 −4 4 . . −4 . . 4 −2 . 2 . 2 . 2
X.39 4 −4 −2 4 −6−4 4 2 −6 −4 6 −4 4 . . −4 . . 4 2 . −2 . −2 . −2
X.40 4 −4 2 −4 −2 4 4 −2 6 −4 2 −4 4 . . 4 . . −4 −2 . 2 . 2 . 2
X.41 4 −4 6 −4 2 4 −4 −6 2 4 −2 −4 4 . . 4 . . −4 2 . −2 . −2 . −2
X.42 −4 −4 2 . −6 . 4 2 2 4 −6 6 6 . . . . −4 . 2 4 2 . 2 −2 2
X.43 −4 −4 −2 . 6 . 4 −2 −2 4 6 −6 −6 . . . . −4 . −2 4 −2 . −2 2 −2
X.44 −12 −12 . 4 . 4 −4 . . −4 . . . −4 −4 −4 −4 4 −4 . 4 . −4 . . .
X.45 4 4 2 . −6 . 4 2 2 4 −6 −6 −6 . . . . 4 . 2 −4 2 . 2 2 2
X.46 4 4 −2 . 6 . 4 −2 −2 4 6 6 6 . . . . 4 . −2 −4 −2 . −2 −2 −2
X.47 −12 −12 . −4 . −4 −4 . . −4 . . . 4 4 4 4 4 4 . 4 . 4 . . .
X.48 8 −8 . . 8 . −8 . . 8 −8 −8 8 . . . . . . . . . . . . .
X.49 8 −8 . . −8 . −8 . . 8 8 8 −8 . . . . . . . . . . . . .
X.50 −8 8 −4 . −4 . . 4 4 . 4 . . . . . . . . −4 . 4 . 4 . −4
X.51 8 −8 . . −8 . 8 . . −8 8 −8 8 . . . . . . . . . . . . .
X.52 8 −8 . . 8 . 8 . . −8 −8 8 −8 . . . . . . . . . . . . .
X.53 −8 8 4 . 4 . . −4 −4 . −4 . . . . . . . . 4 . −4 . −4 . 4
X.54 . . . 8 . −8 . . . . . . . . . . . . . . . . . . . .
X.55 . . . 8 . −8 . . . . . . . . . . . . . . . . . . . .
X.56 . . . −8 . 8 . . . . . . . . . . . . . . . . . . . .
X.57 . . . −8 . 8 . . . . . . . . . . . . . . . . . . . .
X.58 . . . . . . . . . . . . . . . . −4 . . . . . 4 . . .
X.59 . . . . . . . . . . . . . . . . −4 . . . . . 4 . . .
X.60 . . −4 −4 4−4 . −4 −4 . 4 . . . . . . . . 4 . 4 . . . .
X.61 . . 8 . . . . 8 −8 . . . . −4 12 . −4 . . . . . −4 . . .
X.62 −4 4 10 −4 −2 4 4 −10 −2 −4 2 . . . . −4 . . 4 −2 . 2 . 2 −4 2
X.63 . . 8 . . . . 8 −8 . . . . 12 −4 . −4 . . . . . −4 . . .
X.64 . . 4 . 4 . . 4 4 . 4 . . . . 4 . . 4 −4 . −4 . . . .
X.65 . . −8 . . . . −8 8 . . . . −4 12 . −4 . . . . . −4 . . .
X.66 −4 4 −2 −4 2 4 −4 2 10 4 −2 . . . . −4 . . 4 2 . −2 . −2 −4 −2
X.67 −4 4 −6 4 −2−4 −4 6 −2 4 2 . . . . 4 . . −4 6 . −6 . 2 −4 2
X.68 −4 4 −2 4 2−4 4 2 −6 −4 −2 . . . . 4 . . −4 −6 . 6 . −2 −4 −2
X.69 . . 4 12 −4 12 . 4 4 . −4 . . . . . . . . −4 . −4 . . . .
X.70 . . −8 . . . . −8 8 . . . . 12 −4 . −4 . . . . . −4 . . .
X.71 . . −4 . −4 . . −4 −4 . −4 . . . . 4 . . 4 4 . 4 . . . .
X.72 . . −4 . −4 . . −4 −4 . −4 . . . . 4 . . 4 4 . 4 . . . .
X.73 . . 4 −4 −4−4 . 4 4 . −4 . . . . . . . . −4 . −4 . . . .
X.74 −4 4 2 4 −2−4 4 −2 6 −4 2 . . . . 4 . . −4 6 . −6 . 2 4 2
X.75 −4 4 6 4 2−4 −4 −6 2 4 −2 . . . . 4 . . −4 −6 . 6 . −2 4 −2
X.76 −4 4 2 −4 −2 4 −4 −2 −10 4 2 . . . . −4 . . 4 −2 . 2 . 2 4 2
X.77 −4 4 −10 −4 2 4 4 10 2 −4 −2 . . . . −4 . . 4 2 . −2 . −2 4 −2
X.78 . . 4 . 4 . . 4 4 . 4 . . . . 4 . . 4 −4 . −4 . . . .
X.79 . . −4 12 4 12 . −4 −4 . 4 . . . . . . . . 4 . 4 . . . .
X.80 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.81 . . . . . . . . . . . . . . . . 4 . . . . . −4 . . .
X.82 . . . . . . . . . . . . . . . . 4 . . . . . −4 . . .
X.83 −16 16 . . . . . . . . . . . . . . . . . . . . . . . .
X.84 . . . . . . . . . . . . . . . . 4 . . . . . −4 . . .
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Character table of D(Fi22) (continued)
2 8 8 8 8 8 8 8 7 7 7 6 6 2 5 5 5 4 4 4 4 4 4 3 7 7 7
3 . . . . . . . . . . . . . 1 1 1 1 1 1 1 1 1 1 . . .
5 . . . . . . . . . . . . 1 . . . . . . . . . . . . .
430 431 432 433 434 435 436 437 438 439 440 441 5a 6a 6b 6c 6d 6e 6f 6g 6h 6i 6j 8a 8b 8c
2P 2f 2h 2j 2j 2j 2i 2h 2k 2h 2j 2p 2q 5a 3a 3a 3a 3a 3a 3a 3a 3a 3a 3a 44 44 41
3P 430 431 432 433 434 435 436 437 438 439 440 441 5a 2h 2i 2a 2d 2g 2g 2b 2c 2m 2o 8a 8b 8c
5P 430 431 432 433 434 435 436 437 438 439 440 441 1a 6a 6b 6c 6d 6f 6e 6g 6h 6i 6j 8a 8b 8c
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 −1 −1 1 −1 1 1 1 1 −1 −1 1 1 1 1 1 1 1 1 1 1 −1 1 −1 1
X.3 . . −2 −2 . −2 . . . . . . −1 1 1 1 1 1 1 1 1 1 1 . −2 .
X.4 . . 2 2 . 2 . . . . . . −1 1 1 1 1 1 1 1 1 1 −1 . 2 .
X.5 1 1 1 1 1 1 1 1 1 1 −1 −1 . −1 −1−1 −1 −1−1 −1−1 −1 1 1 1 1
X.6 1 −1 −3 1 1 −1 −1 1 −1 1 −1 −1 . −2 −2 2 . . . 2 . −2 . −1−1 1
X.7 1 1 −1 −1 1 −1 1 1 1 1 1 1 . −1 −1−1 −1 −1−1 −1−1 −1 −1 1 −1 1
X.8 1 −1 3 −1 1 1 −1 1 −1 1 1 1 . −2 −2 2 . . . 2 . −2 . −1 1 1
X.9 −2 −2 . . −2 . −2 −2 −2 −2 . . 1 . . . . . . . . . . −2 . −2
X.10 2 −2 . . 2 . −2 2 −2 2 . . . 2 2−2 . . . −2 . 2 . −2 . 2
X.11 2 . 4 . 2 −2 . 2 . 2 . . . 1 1 1 −1 −1−1 1−1 1 1 . −2 −2
X.12 −2 . −2 2 −2 . . −2 . −2 . . . 1 1 1 −1 −1−1 1−1 1 1 . . 2
X.13 −2 . 2 −2 −2 . . −2 . −2 . . . 1 1 1 −1 −1−1 1−1 1 −1 . . 2
X.14 2 . −4 . 2 2 . 2 . 2 . . . 1 1 1 −1 −1−1 1−1 1 −1 . 2 −2
X.15 3 3 −1 −1 −1 3 3 −1 3 −1 1 1 . . . . . . . . . . . −1−1 −1
X.16 −1 −1 −1 −1 3 3 −1 −1 −1 −1 −1 −1 . . . . . . . . . . . 3 −1 3
X.17 3 −3 −1 3 −1 1 −3 −1 −3 −1 1 1 . . . . . . . . . . . 1 −3 −1
X.18 −1 1 −1 3 3 1 1 −1 1 −1 −1 −1 . . . . . . . . . . . −3−3 3
X.19 −1 1 3 −1 −1 1 1 −1 1 −1 −1 −1 . . . . . . . . . . . 1 1 −1
X.20 −1 −1 1 1 3 −3 −1 −1 −1 −1 1 1 . . . . . . . . . . . 3 1 3
X.21 3 3 1 1 −1 −3 3 −1 3 −1 −1 −1 . . . . . . . . . . . −1 1 −1
X.22 −1 1 1 −3 3 −1 1 −1 1 −1 1 1 . . . . . . . . . . . −3 3 3
X.23 −1 1 −3 1 −1 −1 1 −1 1 −1 1 1 . . . . . . . . . . . 1 −1 −1
X.24 3 −3 1 −3 −1 −1 −3 −1 −3 −1 −1 −1 . . . . . . . . . . . 1 3 −1
X.25 . . −2 −2 . 2 . . . . . . . −1 −1−1 1 1 1 −1 1 −1 1 . 2 .
X.26 . . 2 2 . −2 . . . . . . . −1 −1−1 1 1 1 −1 1 −1 −1 . −2 .
X.27 −2 . . −4 −2 −2 . 2 . 2 . . . . . . . . . . . . . . −2 2
X.28 −2 . . 4 −2 2 . 2 . 2 . . . . . . . . . . . . . . 2 2
X.29 −2 −2 . . −2 . −2 2 −2 2 . . . . . . . . . . . . . −2 . −2
X.30 −2 2 . . −2 . 2 2 2 2 . . . . . . . . . . . . . 2 . −2
X.31 2 . −2 2 2 −4 . −2 . −2 . . . . . . . . . . . . . . 4 −2
X.32 2 . 2 −2 2 4 . −2 . −2 . . . . . . . . . . . . . . −4 −2
X.33 . 4 . . . . −4 . . . . . 2 2 −2−2 2 . . . −2 . . . . .
X.34 . −2 −2 −2 . . −2 . 2 . . . . 1 1 1 1 −1−1 −1 1 −1 1 2 . .
X.35 . 2 2 2 . . 2 . −2 . . . . 1 1 1 −1 1 1 −1−1 −1 −1 −2 . .
X.36 . −2 −2 −2 . . −2 . 2 . . . . 1 1 1 −1 1 1 −1−1 −1 −1 2 . .
X.37 . 2 2 2 . . 2 . −2 . . . . 1 1 1 1 −1−1 −1 1 −1 1 −2 . .
X.38 . 2 −2 −2 . . 2 . −2 . . . . 1 1 1 −1 1 1 −1−1 −1 1 −2 . .
X.39 . −2 2 2 . . −2 . 2 . . . . 1 1 1 1 −1−1 −1 1 −1 −1 2 . .
X.40 . 2 −2 −2 . . 2 . −2 . . . . 1 1 1 1 −1−1 −1 1 −1 −1 −2 . .
X.41 . −2 2 2 . . −2 . 2 . . . . 1 1 1 −1 1 1 −1−1 −1 1 2 . .
X.42 . . 2 2 . −2 . . . . . . . . . . . . . . . . . . −2 .
X.43 . . −2 −2 . 2 . . . . . . . . . . . . . . . . . . 2 .
X.44 4 . . . −4 . . . . . . . . . . . . . . . . . . . . 4
X.45 . . 2 2 . 2 . . . . . . . . . . . . . . . . . . 2 .
X.46 . . −2 −2 . −2 . . . . . . . . . . . . . . . . . . −2 .
X.47 −4 . . . 4 . . . . . . . . . . . . . . . . . . . . −4
X.48 . . . . . . . . . . . . . −1 −1−1 1 −1−1 1 1 1 −1 . . .
X.49 . . . . . . . . . . . . . −1 −1−1 1 −1−1 1 1 1 1 . . .
X.50 . . 4 −4 . . . . . . . . . −2 −2 2 . . . −2 . 2 . . . .
X.51 . . . . . . . . . . . . . −1 −1−1 −1 1 1 1−1 1 1 . . .
X.52 . . . . . . . . . . . . . −1 −1−1 −1 1 1 1−1 1 −1 . . .
X.53 . . −4 4 . . . . . . . . . −2 −2 2 . . . −2 . 2 . . . .
X.54 . . . . . . . . . . 4 −4 1 . . . . . . . . . . . . .
X.55 . . . . . . . . . . −4 4 1 . . . . . . . . . . . . .
X.56 . . . . . . . . . . . . 1 . . . . . . . . . . . . .
X.57 . . . . . . . . . . . . 1 . . . . . . . . . . . . .
X.58 . −4 . . . . 4 . . . . . 1 . . . . . . . . . . . . .
X.59 . −4 . . . . 4 . . . . . 1 . . . . . . . . . . . . .
X.60 −4 . . . . . . . . . −2 −2 . . . . . . . . . . . . . .
X.61 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.62 . −2 −2 −2 . 4 −2 . 2 . . . . . . . . . . . . . . −2 . .
X.63 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.64 . . . . −4 . . −4 . 4 . . . . . . . . . . . . . . . .
X.65 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.66 . 2 2 2 . 4 2 . −2 . . . . . . . . . . . . . . 2 . .
X.67 . −2 −2 −2 . 4 −2 . 2 . . . . . . . . . . . . . . −2 . .
X.68 . 2 2 2 . 4 2 . −2 . . . . . . . . . . . . . . 2 . .
X.69 −4 . . . . . . . . . −2 −2 . . . . . . . . . . . . . .
X.70 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.71 . . . . −4 . . −4 . 4 . . . . . . . . . . . . . . . .
X.72 . . . . −4 . . 4 . −4 . . . . . . . . . . . . . . . .
X.73 −4 . . . . . . . . . 2 2 . . . . . . . . . . . . . .
X.74 . 2 −2 −2 . −4 2 . −2 . . . . . . . . . . . . . . 2 . .
X.75 . −2 2 2 . −4 −2 . 2 . . . . . . . . . . . . . . −2 . .
X.76 . 2 −2 −2 . −4 2 . −2 . . . . . . . . . . . . . . 2 . .
X.77 . −2 2 2 . −4 −2 . 2 . . . . . . . . . . . . . . −2 . .
X.78 . . . . −4 . . 4 . −4 . . . . . . . . . . . . . . . .
X.79 −4 . . . . . . . . . 2 2 . . . . . . . . . . . . . .
X.80 . . . . . . . . . . . . −2 2 −2−2 2 . . . −2 . . . . .
X.81 . 4 . . . . −4 . . . . . . −2 2 2 −2 . . . 2 . . . . .
X.82 . −4 . . . . 4 . . . . . . −4 4−4 . . . . . . . . . .
X.83 . . . . . . . . . . . . . 2 2−2 . . . 2 . −2 . . . .
X.84 . −4 . . . . 4 . . . . . . 2 −2 2 . C C¯ . . . . . . .
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Character table of D(Fi22) (continued)
2 7 7 7 7 6 6 6 6 5 5 5 5 5 2 2 2 3 3 3 5 5
3 . . . . . . . . . . . . . . . . 1 1 1 . .
5 . . . . . . . . . . . . . 1 1 1 . . . . .
8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 10a 10b 10c 12a 12b 12c 16a 16b
2P 42 44 44 42 41 45 47 47 417 418 419 421 422 5a 5a 5a 6a 6b 6c 8c 8c
3P 8d 8e 8f 8g 8h 8i 8k 8j 8l 8m 8n 8o 8p 10a 10c 10b 415 416 43 16a 16b
5P 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 2a 2b 2b 12a 12b 12c 16b 16a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 −1 1−1 −1 1 −1 −1−1 −1 −1 −1 1 −1 1 1 1 −1 −1 −1 −1 −1
X.3 −2 . −2 −2 . −2 . . . . . . . −1 −1 −1 1 1 1 . .
X.4 2 . 2 2 . 2 . . . . . . . −1 −1 −1 −1 −1 −1 . .
X.5 1 1 1 1 1 1 −1−1 −1 −1 −1 1 −1 . . . 1 1 1 −1 −1
X.6 1 −1 3 1 1 −1 −1−1 1 1 −1 −1 −1 . . . . . . 1 1
X.7 −1 1−1 −1 1 −1 1 1 1 1 1 1 1 . . . −1 −1 −1 1 1
X.8 −1 −1−3 −1 1 1 1 1 −1 −1 1 −1 1 . . . . . . −1 −1
X.9 . −2 . . −2 . . . . . . −2 . 1 1 1 . . . . .
X.10 . −2 . . 2 . . . . . . −2 . . . . . . . . .
X.11 . . 2 . −2 −2 . . . . . . . . . . −1 −1 1 . .
X.12 2 . −4 2 2 . . . . . . . . . . . −1 −1 1 . .
X.13 −2 . 4 −2 2 . . . . . . . . . . . 1 1 −1 . .
X.14 . . −2 . −2 2 . . . . . . . . . . 1 1 −1 . .
X.15 −1 −1−1 −1−1 −1 1 1 1 1 −1 −1 −1 . . . . . . −1 −1
X.16 −1 3−1 −1−1 −1 −1−1 −1 −1 1 −1 1 . . . . . . 1 1
X.17 −1 1 1 −1−1 1 1 1 −1 −1 −1 1 −1 . . . . . . 1 1
X.18 −1 −3 1 −1−1 1 −1−1 1 1 1 1 1 . . . . . . −1 −1
X.19 −1 1−3 −1−1 1 −1−1 1 1 −1 1 −1 . . . . . . 1 1
X.20 1 3 1 1−1 1 1 1 1 1 −1 −1 −1 . . . . . . −1 −1
X.21 1 −1 1 1−1 1 −1−1 −1 −1 1 −1 1 . . . . . . 1 1
X.22 1 −3−1 1−1 −1 1 1 −1 −1 −1 1 −1 . . . . . . 1 1
X.23 1 1 3 1−1 −1 1 1 −1 −1 1 1 1 . . . . . . −1 −1
X.24 1 1−1 1−1 −1 −1−1 1 1 1 1 1 . . . . . . −1 −1
X.25 −2 . 2 −2 . 2 . . . . . . . . . . −1 −1 1 . .
X.26 2 . −2 2 . −2 . . . . . . . . . . 1 1 −1 . .
X.27 . . 2 . −2 2 . . . . . . . . . . . . . . .
X.28 . . −2 . −2 −2 . . . . . . . . . . . . . . .
X.29 . −2 . . 2 . . . . . . 2 . . . . . . . . .
X.30 . 2 . . 2 . . . . . . −2 . . . . . . . . .
X.31 −2 . . −2 2 . . . . . . . . . . . . . . . .
X.32 2 . . 2 2 . . . . . . . . . . . . . . . .
X.33 . . . . . . . . . . . . . −2 . . . . . . .
X.34 −2 −2 . 2 . . . . . . . . . . . . 1 −1 −1 . .
X.35 −2 2 . 2 . . . . . . . . . . . . 1 −1 1 . .
X.36 2 −2 . −2 . . . . . . . . . . . . 1 −1 1 . .
X.37 2 2 . −2 . . . . . . . . . . . . 1 −1 −1 . .
X.38 2 2 . −2 . . . . . . . . . . . . −1 1 −1 . .
X.39 2 −2 . −2 . . . . . . . . . . . . −1 1 1 . .
X.40 −2 2 . 2 . . . . . . . . . . . . −1 1 1 . .
X.41 −2 −2 . 2 . . . . . . . . . . . . −1 1 −1 . .
X.42 −2 . −2 −2 . 2 . . . . . . . . . . . . . . .
X.43 2 . 2 2 . −2 . . . . . . . . . . . . . . .
X.44 . . . . . . . . . . . . . . . . . . . . .
X.45 −2 . 2 −2 . −2 . . . . . . . . . . . . . . .
X.46 2 . −2 2 . 2 . . . . . . . . . . . . . . .
X.47 . . . . . . . . . . . . . . . . . . . . .
X.48 . . . . . . . . . . . . . . . . 1 −1 1 . .
X.49 . . . . . . . . . . . . . . . . −1 1 −1 . .
X.50 . . . . . . . . . . . . . . . . . . . . .
X.51 . . . . . . . . . . . . . . . . 1 −1 −1 . .
X.52 . . . . . . . . . . . . . . . . −1 1 1 . .
X.53 . . . . . . . . . . . . . . . . . . . . .
X.54 . . . . . . . . . . . . . 1 −1 −1 . . . . .
X.55 . . . . . . . . . . . . . 1 −1 −1 . . . . .
X.56 . . . . . . A A¯ . . . . . 1 −1 −1 . . . . .
X.57 . . . . . . A¯ A . . . . . 1 −1 −1 . . . . .
X.58 . . . . . . . . . . . . . −1 B −B . . . . .
X.59 . . . . . . . . . . . . . −1 −B B . . . . .
X.60 . . . . . . 2 2 . . . . . . . . . . . . .
X.61 . . . . . . . . 2 −2 . . . . . . . . . . .
X.62 2 2 . −2 . . . . . . . . . . . . . . . . .
X.63 . . . . . . . . −2 2 . . . . . . . . . . .
X.64 . . . . . . . . . . −2 . 2 . . . . . . . .
X.65 . . . . . . . . −2 2 . . . . . . . . . . .
X.66 2 −2 . −2 . . . . . . . . . . . . . . . . .
X.67 −2 2 . 2 . . . . . . . . . . . . . . . . .
X.68 −2 −2 . 2 . . . . . . . . . . . . . . . . .
X.69 . . . . . . 2 2 . . . . . . . . . . . . .
X.70 . . . . . . . . 2 −2 . . . . . . . . . . .
X.71 . . . . . . . . . . 2 . −2 . . . . . . . .
X.72 . . . . . . . . . . −2 . 2 . . . . . . . .
X.73 . . . . . . −2−2 . . . . . . . . . . . . .
X.74 2 −2 . −2 . . . . . . . . . . . . . . . . .
X.75 2 2 . −2 . . . . . . . . . . . . . . . . .
X.76 −2 −2 . 2 . . . . . . . . . . . . . . . . .
X.77 −2 2 . 2 . . . . . . . . . . . . . . . . .
X.78 . . . . . . . . . . 2 . −2 . . . . . . . .
X.79 . . . . . . −2−2 . . . . . . . . . . . . .
X.80 . . . . . . . . . . . . . 2 . . . . . . .
X.81 . . . . . . . . . . . . . . . . . . . . .
X.82 . . . . . . . . . . . . . . . . . . . . .
X.83 . . . . . . . . . . . . . . . . . . . . .
X.84 . . . . . . . . . . . . . . . . . . . . .
86 HYUN KYU KIM AND GERHARD O. MICHLER
Character table of D(Fi22) (continued)
2 17 17 16 15 15 16 16 14 12 12 13 13 13 11 12 10 11 11 10 10 5 12 12 10
3 1 1 1 1 1 . . 1 1 1 . . . 1 . 1 . . . . 1 . . 1
5 1 1 1 . . . . . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 3a 41 42 43
2P 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 1a 3a 2a 2a 2a
3P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 1a 41 42 43
5P 1a 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 2m 2n 2o 2p 2q 2r 2s 3a 41 42 43
X.85 160 −160 . −48 48 . . . 8 −8 . . . . . . 8 −8 . . −2 . . .
X.86 240 240 240 48 48 −16 −16 48 . . 16 16 −16 . 16 . −8 −8 . −8 . −16 −16 .
X.87 240 240 240 48 48 −16 −16 48 . . −16 −16 −16 . −16 . . . . . . 16 16 .
X.88 240 240 −240 . . 48 −48 . −24 −24 −16 16 . 24 . −12 . . 4 . . . . 12
X.89 240 240 240 −48 −48 −16 −16 −48 . . 16 16 16 . −16 . . . . . . 16 −16 .
X.90 240 240 −240 . . 48 −48 . −24 −24 −16 16 . 24 . 12 . . −4 . . . . −12
X.91 240 240 240 −48 −48 −16 −16 −48 . . −16 −16 16 . 16 . . . . . . −16 16 .
X.92 240 240 240 −48 −48 −16 −16 −48 . . −16 −16 16 . 16 . . . . . . −16 16 .
X.93 320 −320 . 32 −32 . . . −16 16 . . . . . . 16 −16 . . 2 . . .
X.94 320 −320 . 32 −32 . . . −16 16 . . . . . . −16 16 . . 2 . . .
X.95 384 384 −384 . . −128 128 . . . . . . . . . . . . . . . . .
X.96 480 −480 . −144 144 . . . 24 −24 . . . . . . −8 8 . . . . . .
X.97 640 −640 . 64 −64 . . . −32 32 . . . . . . . . . . −2 . . .
Character table of D(Fi22) (continued)
2 11 11 10 10 10 10 10 10 10 10 10 8 8 9 9 9 9 9 9 9 9 9 9 8 8 8
3 . . . . . . . . . . . 1 1 . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . . . .
44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
2P 2e 2e 2e 2e 2e 2e 2e 2e 2a 2e 2e 2h 2i 2c 2c 2j 2g 2f 2j 2e 2e 2e 2g 2j 2h 2j
3P 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
5P 44 45 46 47 48 49 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
X.85 . . . . . . . . . . . . . . . . 4 . . . . . −4 . . .
X.86 . . . −8 . −8 . . . . . . . . . . . . . . . . . . . .
X.87 . . . . . . . . . . . . . −8 −8 . 8 . . . . . 8 . . .
X.88 8 −8 4 . 4 . . −4 −4 . −4 . . . . . . . . 4 . −4 . 4 . −4
X.89 . . . . . . . . . . . . . . . −8 . . −8 . . . . . . .
X.90 8 −8−4 . −4 . . 4 4 . 4 . . . . . . . . −4 . 4 . −4 . 4
X.91 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.92 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.93 . . . . . . . . . . . . . . . . −8 . . . . . 8 . . .
X.94 . . . . . . . . . . . . . . . . 8 . . . . . −8 . . .
X.95 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.96 . . . . . . . . . . . . . . . . −4 . . . . . 4 . . .
X.97 . . . . . . . . . . . . . . . . . . . . . . . . . .
Character table of D(Fi22) (continued)
2 8 8 8 8 8 8 8 7 7 7 6 6 2 5 5 5 4 4 4 4 4 4 3 7 7 7
3 . . . . . . . . . . . . . 1 1 1 1 1 1 1 1 1 1 . . .
5 . . . . . . . . . . . . 1 . . . . . . . . . . . . .
430 431 432 433 434 435 436 437 438 439 440 441 5a 6a 6b 6c 6d 6e 6f 6g 6h 6i 6j 8a 8b 8c
2P 2f 2h 2j 2j 2j 2i 2h 2k 2h 2j 2p 2q 5a 3a 3a 3a 3a 3a 3a 3a 3a 3a 3a 44 44 41
3P 430 431 432 433 434 435 436 437 438 439 440 441 5a 2h 2i 2a 2d 2g 2g 2b 2c 2m 2o 8a 8b 8c
5P 430 431 432 433 434 435 436 437 438 439 440 441 1a 6a 6b 6c 6d 6f 6e 6g 6h 6i 6j 8a 8b 8c
X.85 . −4 . . . . 4 . . . . . . 2−2 2 . C¯ C . . . . . . .
X.86 8 . . . . . . . . . . . . . . . . . . . . . . . . .
X.87 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.88 . . 4 −4 . . . . . . . . . . . . . . . . . . . . . .
X.89 . . . . 8 . . . . . . . . . . . . . . . . . . . . .
X.90 . . −4 4 . . . . . . . . . . . . . . . . . . . . . .
X.91 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.92 . . . . . . . . . . . . . . . . . . . . . . . . . .
X.93 . . . . . . . . . . . . . 2−2 −2−2 . . . 2 . . . . .
X.94 . . . . . . . . . . . . . 2−2 −2−2 . . . 2 . . . . .
X.95 . . . . . . . . . . . . −1 . . . . . . . . . . . . .
X.96 . 4 . . . . −4 . . . . . . . . . . . . . . . . . . .
X.97 . . . . . . . . . . . . . −2 2 2 2 . . . −2 . . . . .
Character table of D(Fi22) (continued)
2 7 7 7 7 6 6 6 6 5 5 5 5 5 2 2 2 3 3 3 5 5
3 . . . . . . . . . . . . . . . . 1 1 1 . .
5 . . . . . . . . . . . . . 1 1 1 . . . . .
8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 10a 10b 10c 12a 12b 12c 16a 16b
2P 42 44 44 42 41 45 47 47 417 418 419 421 422 5a 5a 5a 6a 6b 6c 8c 8c
3P 8d 8e 8f 8g 8h 8i 8k 8j 8l 8m 8n 8o 8p 10a 10c 10b 415 416 43 16a 16b
5P 8d 8e 8f 8g 8h 8i 8j 8k 8l 8m 8n 8o 8p 2a 2b 2b 12a 12b 12c 16b 16a
X.85 . . . . . . . . . . . . . . . . . . . . .
X.86 . . . . . . . . . . . . . . . . . . . . .
X.87 . . . . . . . . . . . . . . . . . . . . .
X.88 . . . . . . . . . . . . . . . . . . . . .
X.89 . . . . . . . . . . . . . . . . . . . . .
X.90 . . . . . . . . . . . . . . . . . . . . .
X.91 . . . . . . . . . . . . . . . . . . . D D¯
X.92 . . . . . . . . . . . . . . . . . . . D¯ D
X.93 . . . . . . . . . . . . . . . . . . . . .
X.94 . . . . . . . . . . . . . . . . . . . . .
X.95 . . . . . . . . . . . . . −1 1 1 . . . . .
X.96 . . . . . . . . . . . . . . . . . . . . .
X.97 . . . . . . . . . . . . . . . . . . . . .
where A = 4i, B = i
√
5, C = −2i√3, and D = −2(ζ38 + ζ8).
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B.6. Character table of E2 = E(Fi22) = 〈x, y, e〉
2 17 16 17 16 13 13 6 12 12 10 9 10 9 9 8 7 7 2 6 4 4 5 4 1 1 7
3 2 2 1 2 1 . 2 . . 1 1 . . . . . . . 2 2 2 1 1 . . .
5 1 1 1 . . . . . . . . . . . . . . 1 . . . . . . . .
7 1 1 . . . . . . . . . . . . . . . . . . . . . 1 1 .
11 1 . . . . . . . . . . . . . . . . . . . . . . . . .
1a 2a 2b 2c 2d 2e 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 5a 6a 6b 6c 6d 6e 7a 7b 8a
2P 1a 1a 1a 1a 1a 1a 3a 2b 2b 2b 2c 2b 2d 2d 2d 2d 2e 5a 3a 3a 3a 3a 3a 7a 7b 4a
3P 1a 2a 2b 2c 2d 2e 1a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 5a 2c 2a 2c 2b 2d 7b 7a 8a
5P 1a 2a 2b 2c 2d 2e 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 1a 6a 6b 6c 6d 6e 7b 7a 8a
7P 1a 2a 2b 2c 2d 2e 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 5a 6a 6b 6c 6d 6e 1a 1a 8a
11P 1a 2a 2b 2c 2d 2e 3a 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 5a 6a 6b 6c 6d 6e 7a 7b 8a
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 21 21 21 21 5 5 3 5 5 5 5 5 1 1 1 1 1 1 3 3 3 3 −1 . . 1
X.3 45 45 45 45 −3 −3 . −3 −3 −3 −3 −3 1 1 1 1 1 . . . . . . A A¯ 1
X.4 45 45 45 45 −3 −3 . −3 −3 −3 −3 −3 1 1 1 1 1 . . . . . . A¯ A 1
X.5 55 55 55 55 7 7 1 7 7 7 7 7 3 3 3 −1 −1 . 1 1 1 1 1 −1−1 3
X.6 77 −35 13 −3 13 −3 5 −3 5 −7 1 1−3 5 1 1 1 2 −3 1 −3 1 1 . . 1
X.7 99 99 99 99 3 3 . 3 3 3 3 3 3 3 3 −1 −1−1 . . . . . 1 1 3
X.8 154 154 154 154 10 10 1 10 10 10 10 10 −2 −2−2 2 2−1 1 1 1 1 1 . . −2
X.9 210 210 210 210 2 2 3 2 2 2 2 2−2 −2−2 −2 −2 . 3 3 3 3 −1 . . −2
X.10 231 231 231 231 7 7 −3 7 7 7 7 7−1 −1−1 −1 −1 1 −3−3 −3 −3 1 . . −1
X.11 280 280 280 280 −8 −8 1 −8 −8 −8 −8 −8 . . . . . . 1 1 1 1 1 . . .
X.12 280 280 280 280 −8 −8 1 −8 −8 −8 −8 −8 . . . . . . 1 1 1 1 1 . . .
X.13 330 90 10 −6 26 10 6 −6 2 6 −2 −2−2 6 2 2 2 . 6 . . −2 2 1 1 −2
X.14 385 385 385 385 1 1 −2 1 1 1 1 1 1 1 1 1 1 . −2−2 −2 −2−2 . . 1
X.15 385 −175 65 −15 17 1 −2 1 9−11 5 −3 5 −3 1 1 1 . 6−4 . 2 2 . . 1
X.16 385 −175 65 −15 17 1 7 1 9−11 5 −3 5 −3 1 1 1 . −9 5 −3 −1−1 . . 1
X.17 616 −56 −24 8 24 −8 4 8 −8 . . . 4 4−4 4 −4 1 −4−2 2 . . . . .
X.18 616 −56 −24 8 24 −8 4 8 −8 . . . 4 4−4 −4 4 1 −4−2 2 . . . . .
X.19 616 −280 104 −24 8 8 −5 8 8 −8 8 −8 . . . . . 1 3−1 3 −1−1 . . .
X.20 616 −280 104 −24 8 8 −5 8 8 −8 8 −8 . . . . . 1 3−1 3 −1−1 . . .
X.21 693 −315 117 −27 21 5 . 5 13 −15 9 −7−3 5 1 1 1−2 . . . . . . . 1
X.22 770 −350 130 −30 −14 18 5 18 2 2 10 −14 −2 −2−2 −2 −2 . −3 1 −3 1 1 . . −2
X.23 990 270 30 −18 −18 −2 . 14 6 −6 −6 2−6 2−2 2 2 . . . . . . A¯ A 2
X.24 990 270 30 −18 −18 −2 . 14 6 −6 −6 2−6 2−2 2 2 . . . . . . A A¯ 2
X.25 1155 −525 195 −45 35 −13 3−13 11 −17 −1 7−5 3−1 −1 −1 . 3−3 −3 3 −1 . . −1
X.26 1155 −525 195 −45 −13 3 3 3 −5 7 −1 −1 7 −1 3 −1 −1 . 3−3 −3 3 −1 . . 3
X.27 1980 540 60 −36 60 28 . −4 12 12 −12 −4 4 4 4 . . . . . . . . −1−1 −4
X.28 2310 −1050 390 −90 22 −10 −3−10 6−10 −2 6 2 2 2 −2 −2 . −3 3 3 −3 1 . . 2
X.29 2310 630 70 −42 −10 6 6 22 14 −6−14 2 2 −6−2 −2 −2 . 6 . . −2 2 . . 2
X.30 2310 630 70 −42 22 38 6−10 −18 −6 2 2 2 −6−2 2 2 . 6 . . −2−2 . . 2
X.31 2310 630 70 −42 22 −26 6−10 14 18 2 −6−6 2−2 −2 −2 . 6 . . −2−2 . . 2
X.32 2640 720 80 −48 16 16 −6 16 16 . −16 . . . . . . . −6 . . 2 −2 1 1 .
X.33 3465 −1575 585 −135 −39 9 . 9−15 21 −3 −3−3 5 1 1 1 . . . . . . . . 1
X.34 3465 −1575 585 −135 9 −7 . −7 1 −3 −3 5 1 −7−3 1 1 . . . . . . . . −3
X.35 4620 1260 140 −84 44 12 −6−20 −4 12 4 −4−4 −4−4 . . . −6 . . 2 2 . . 4
X.36 5544 −504 −216 72 24 −8 . 8 −8 . . . 4 4−4 4 −4−1 . . . . . . . .
X.37 5544 −504 −216 72 24 −8 . 8 −8 . . . 4 4−4 −4 4−1 . . . . . . . .
X.38 6160 −560 −240 80 48 −16 4 16 −16 . . . −8 −8 8 . . . −4−2 2 . . . . .
X.39 6160 −560 −240 80 −48 16 4−16 16 . . . . . . . . . −4−2 2 . . . . .
X.40 6160 −560 −240 80 −48 16 4−16 16 . . . . . . . . . −4−2 2 . . . . .
X.41 6930 1890 210 −126 −30 18 . 2−22 −18 6 6−2 6 2 −2 −2 . . . . . . . . −2
X.42 6930 1890 210 −126 −30 −46 . 2 10 6 6 −2 6 −2 2 2 2 . . . . . . . . −2
X.43 9856 −896 −384 128 . . −8 . . . . . . . . . . 1 8 4 −4 . . . . .
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Character table of E2 = E(Fi22) (continued)
2 7 7 6 5 5 5 2 2 2 . . 4 3 1 1 5 5
3 . . . . . . . . . . . 1 1 . . . .
5 . . . . . . 1 1 1 . . . . . . . .
7 . . . . . . . . . . . . . 1 1 . .
11 . . . . . . . . . 1 1 . . . . . .
8b 8c 8d 8e 8f 8g 10a 10b 10c 11a 11b 12a 12b 14a 14b 16a 16b
2P 4b 4b 4a 4d 4f 4g 5a 5a 5a 11b 11a 6a 6d 7a 7b 8a 8a
3P 8b 8c 8d 8e 8f 8g 10b 10a 10c 11a 11b 4d 4c 14b 14a 16a 16b
5P 8b 8c 8d 8e 8f 8g 2a 2a 2b 11a 11b 12a 12b 14b 14a 16b 16a
7P 8b 8c 8d 8e 8f 8g 10b 10a 10c 11b 11a 12a 12b 2a 2a 16b 16a
11P 8b 8c 8d 8e 8f 8g 10a 10b 10c 1a 1a 12a 12b 14a 14b 16a 16b
X.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X.2 1 1 1 1 −1−1 1 1 1 −1 −1 −1 −1 . . −1 −1
X.3 1 1 1 1 −1−1 . . . 1 1 . . A A¯ −1 −1
X.4 1 1 1 1 −1−1 . . . 1 1 . . A¯ A −1 −1
X.5 3 3−1 −1 1 1 . . . . . 1 1 −1 −1 1 1
X.6 1 −3 1 −1 1 1 . . −2 . . 1 −1 . . −1 −1
X.7 3 3−1 −1 −1−1 −1 −1 −1 . . . . 1 1 −1 −1
X.8 −2 −2 2 2 . . −1 −1 −1 . . 1 1 . . . .
X.9 −2 −2−2 −2 . . . . . 1 1 −1 −1 . . . .
X.10 −1 −1−1 −1 −1−1 1 1 1 . . 1 1 . . −1 −1
X.11 . . . . . . . . . B B¯ 1 1 . . . .
X.12 . . . . . . . . . B¯ B 1 1 . . . .
X.13 −2 2−2 . . . . . . . . −2 . −1 −1 . .
X.14 1 1 1 1 1 1 . . . . . −2 −2 . . 1 1
X.15 −3 1 1 −1 −1−1 . . . . . 2 −2 . . 1 1
X.16 −3 1 1 −1 −1−1 . . . . . −1 1 . . 1 1
X.17 . . . . −2 2 −1 −1 1 . . . . . . . .
X.18 . . . . 2−2 −1 −1 1 . . . . . . . .
X.19 . . . . . . C −C −1 . . −1 1 . . . .
X.20 . . . . . . −C C −1 . . −1 1 . . . .
X.21 1 −3 1 −1 1 1 . . 2 . . . . . . −1 −1
X.22 2 2−2 2 . . . . . . . 1 −1 . . . .
X.23 −2 2−2 . . . . . . . . . . −A¯ −A . .
X.24 −2 2−2 . . . . . . . . . . −A −A¯ . .
X.25 3 −1−1 1 −1−1 . . . . . −1 1 . . 1 1
X.26 −5 −1−1 1 1 1 . . . . . −1 1 . . −1 −1
X.27 . . . . . . . . . . . . . 1 1 . .
X.28 −2 −2−2 2 . . . . . . . 1 −1 . . . .
X.29 2 −2 2 . . . . . . . . −2 . . . . .
X.30 2 −2−2 . . . . . . . . 2 . . . . .
X.31 −2 2 2 . . . . . . . . 2 . . . . .
X.32 . . . . . . . . . . . 2 . −1 −1 . .
X.33 1 −3 1 −1 −1−1 . . . . . . . . . 1 1
X.34 1 5 1 −1 1 1 . . . . . . . . . −1 −1
X.35 . . . . . . . . . . . −2 . . . . .
X.36 . . . . 2−2 1 1 −1 . . . . . . . .
X.37 . . . . −2 2 1 1 −1 . . . . . . . .
X.38 . . . . . . . . . . . . . . . . .
X.39 . . . . . . . . . . . . . . . D D¯
X.40 . . . . . . . . . . . . . . . D¯ D
X.41 −2 2 2 . . . . . . . . . . . . . .
X.42 2 −2−2 . . . . . . . . . . . . . .
X.43 . . . . . . −1 −1 1 . . . . . . . .
where A = 12 (−1 + i
√
7), B = 12 (−1 + i
√
11), C = −i√5, and D = −2(ζ38 + ζ8).
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Appendix C. Generating matrices of Fischer group G2
The generating matrices are block matrices:
H =
0
@ H1 0
0 H2
1
A , X =
0
@ X1 0
0 X2
1
A , Y =
0
@ Y1 0
0 Y2
1
A , E =
0
@ E1 E2
E3 E4
1
A ,
where H1,X1,Y1 ∈ GL46(13) and H2,X2,Y2 ∈ GL32(13); while E1 ∈ Mat38,38(13),
E4 ∈Mat40,40(13), E2 ∈ Mat38,40(13), and E3 ∈Mat40,38(13). Below, the element 0
of GF(13) is replaced by a dot.
Matrix H1:
6 . 9 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 2 5 11 6 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 6 1 4 10 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11 8 10 2 5 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 11 6 3 7 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 9 4 2 4 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . 3 8 1 6 1110 7 10 3 6 6 4 1212 3 3 12 9 11 3 3 1 . 5 8 8 1 11 . . 8 1 1 111012 4 1 7 1
. . . . . . 6 6 4 6 8 12 8 12 8 8 4 4 1 2 7 9 12 2 4 111212 . 3 . 7 11 . 3 10 4 1 12 1 8 8 11 7 5 10
. . . . . . 7 5 5 4 5 6 2 10 4 9 . 1112 3 2 11 . 10 7 2 4 12 6 6 . 3 3 5 3 4 . 5 . 5 . . 8 2 2 12
. . . . . . . 2 3 5 . 4 6 2 10 6 . 7 5 4 12 1 1 6 6 4 8 6 1 9 7 8 2 4 12 9 3 1 2 8 8 9 5 4 12 6
. . . . . . 7 . 8 6 1210 6 10 . 7 1211 8 1 . 6 9 1211 6 . 3 9 6 9 6 11 7 6 1212 7 5 8 1 12 1 9 4 11
. . . . . . 11 2 7 11 6 1 2 . 2 1 9 7 5 7 1211 3 7 . 12 7 6 4 . 101210 8 6 4 . 3 1 9 1211 2 3 11 3
. . . . . . 9 1212 . 8 4 11 3 6 9 11 . 11 6 11 . 11 3 5 4 10 6 9 10 6 3 3 4 4 2 12 6 1 . 7 11 3 8 11 2
. . . . . . 1 4 8 1 4 12 2 3 11 5 4 2 2 5 8 9 . 11 5 7 . 1 4 8 1212 6 7 2 6 1 3 10 8 . 3 2 5 . 8
. . . . . . 1012 7 8 4 12 1 1 7 5 10 1 6 3 9 9 12 8 7 11 3 . 12 1 1 9 1110 4 11 9 1212 7 7 2 4 9 6 4
. . . . . . 10 . 3 8 1 1 3 3 12 1 8 12 . 12 2 8 1 10 3 2 2 3 . 8 2 1010 4 . 1 12 8 6 7 5 3 5 3 7 11
. . . . . . 12 1 . 2 2 9 7 6 12 3 1010 9 . 1111 7 1210 6 1011 7 . 6 1 1 8 7 11 3 5 1 3 1012 2 2 . 2
. . . . . . . 3 10 5 8 . 5 5 2 4 7 5 10 6 2 . . 12 9 3 5 5 9 9 5 6 12 4 6 10 1 . . 9 121211 6 2 3
. . . . . . . 8 5 11 . 12 9 12 9 10 4 1 . . . 9 10 4 5 11 8 8 7 3 11 5 . 2 3 2 7 1 3 . 11 5 10 7 1211
. . . . . . . 1 1211 7 12 3 . 1 . 9 6 . 2 3 1 7 7 5 2 9 9 3 1 6 11 2 4 6 3 3 9 1 . 8 8 3 9 1212
. . . . . . . 11 2 9 9 12 7 . 4 5 12 7 1 11 3 6 10 4 5 7 . 5 8 2 5 10 1 2 5 4 12 2 12 1 9 2 4 9 . 3
. . . . . . . 12 1 . 4 . 7 7 3 11 5 5 11 8 7 9 9 . 6 4 5 9 9 7 6 3 5 5 6 10 . 6 1010 9 1212 4 9 1
. . . . . . . 9 4 2 10 3 2 9 7 1212 4 6 8 7 8 9 2 10 4 2 9 8 3 9 6 2 . 7 6 2 7 6 12 6 5 6 2 5 5
. . . . . . . . . 3 2 . 10 6 . 10 2 7 8 2 . 3 7 2 5 . 3 11 1 11 9 5 8 10 8 3 3 4 6 . 7 2 12 5 . 12
. . . . . . . 11 2 5 8 2 1 6 7 3 . . 6 . 1010 8 10 7 6 10 8 4 2 . 9 9 4 6 1 1110 7 . 12 6 10 5 5 8
. . . . . . . 8 5 1 9 3 9 8 11 5 12 3 12 8 7 6 4 1010 4 4 10 . 12 7 1112 7 . 6 8 6 1 9 3 10 4 11 8 3
. . . . . . . . . 1 1 12 7 1211 7 4 8 5 1 10 6 . 10 7 4 . 7 2 8 4 12 5 5 121112 1 5 6 10 3 . 2 3 7
. . . . . . . 7 6 8 5 2 8 7 3 11 9 10 5 . 2 . . 12 9 12 3 6 8 1 7 11 9 6 9 9 9 5 12 2 2 1 8 5 7 5
. . . . . . . 11 2 3 10 8 1211 6 . 1 . 1 11 2 2 1212 . 1 10 . 4 2 9 9 7 4 12 7 11 9 7 4 2 9 . 11 9 12
. . . . . . . 8 5 6 6 1 3 8 1 12 2 1010 7 10 9 9 12 9 10 8 . 7 2 6 8 5 1211 2 1 2 5 3 . . 10 8 8 9
. . . . . . . 6 7 10 9 7 4 8 10 7 10 3 12 2 7 . 4 . 10 2 4 7 6 1 11 . 2 2 4 8 6 1 7 2 11 2 6 7 9 6
. . . . . . . 4 9 10 5 5 1 5 2 8 5 9 11 5 8 11101210 1 2 1210 . 12 7 1012 3 2 1 . . 7 1211 1 . 7 2
. . . . . . . . . 10 3 5 8 8 3 1 1 8 1 8 4 11 . 1 11 9 4 8 1 11121112 6 2 12 2 6 12 1 8 6 11 4 3 8
. . . . . . . 9 4 7 10 3 8 2 11 3 9 1 . 8 4 8 5 4 11 5 6 1 11 6 10 6 1210 8 6 8 1 1 2 2 2 6 2 1 5
. . . . . . . 5 8 11 1 2 . 7 4 10 2 8 4 4 12 4 9 2 6 1 3 4 10 3 2 5 9 2 1 1 7 1 7 7 8 9 . 1010 4
. . . . . . . 4 9 1 6 12 . 3 11 8 12101212 3 . 101210 8 . 2 . . 1111 4 10 3 11 2 7 4 6 . 5 7 8 8 6
. . . . . . . . . . . . . . . . . 11 6 12 1 6 10 5 5 7 2 2 5 4 6 4 7 8 8 8 7 7 3 2 6 1112 2 12 1
. . . . . . . 8 5 2 6 5 10 7 8 5 4 9 4 10 7 . 4 1 3 3 . 4 12 1 111212 7 3 11 . 9 . 11 9 1 . 4 1 11
. . . . . . . 11 2 6 3 . 3 4 2 7 1 5 10 9 7 1 8 7 4 8 12 4 3 11 7 3 9 . . 101212 3 4 2 1 1 11 1 .
. . . . . . . 5 8 11 3 4 1 11 . 5 . 10 2 4 9 8 1 8 . 2 1 2 11 7 4 7 6 4 . 5 7 9 1212 1 11 2 11 4 6
. . . . . . . . . . 9 9 11 5 8 10 4 9 3 5 8 . 2 1 8 4 5 3 . 4 10 4 7 5 6 10 7 5 4 5 2 4 3 12 5 10
. . . . . . . . . . 2 2 1 4 9 8 11 . . 3 5 1 8 . 8 6 . 1 2 11 . 5 10 3 3 6 6 2 12 8 12 2 2 4 9 7
. . . . . . . 6 7 8 4 . 4 1 7 5 10 6 9 10 9 2 6 9 10 6 12 3 9 7 4 5 5 4 3 . 10 2 4 1 2 5 6 2 . 5
. . . . . . . . . . 9 9 11 5 8 10 4 9 6 7 7 7 7 11 5 9 6 1210 4 4 2 1111 9 2 7 5 . 1210 4 8 7 . 9
. . . . . . . . . . 111112 9 4 5 2 . 4 8 9 1 5 9 3 7 9 5 4 8 5 12 7 12 7 2 8 . . 8 12 . . 2 9 10
. . . . . . . . . . . . . . . . . . 5 7 3 10 8 8 12 8 4 3 2 12 3 10 4 1112 1 5 12 7 5 . 1 11 3 9 12
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Matrix H2:
1 7 . . . 1 1 8 8 . 12 . 11 6 1 . . 7 . 6 6 8 12 6 6 2 7 1 7 8 1 7
. 4 . . . . . 6 7 . 12 . . 8 . 1 . 5 11 7 6 6 12 5 5 . 7 . 7 7 1 6
. 5 . . 12 8 2 11 12 . 12 . 12 2 6 6 7 5 3 4 10 3 8 5 5 . 1 9 12 10 1 6
. 7 1 . . . 12 5 5 12 3 . 2 6 11 . . 6 2 7 7 6 2 8 8 11 6 12 6 5 11 6
. 6 . 12 . 12 12 6 6 . . . . 7 . . . 6 12 6 7 6 . 6 6 . 7 11 6 6 . 6
. 9 . . . 1 2 8 8 . 12 . 12 5 . 12 1 8 2 6 7 7 . 8 8 2 5 3 8 7 1 9
. 6 . . . . 12 6 5 . 1 . . 7 . . . 6 12 6 6 7 12 6 6 . 8 11 5 7 12 5
. 2 . . . 6 . 10 10 . 12 . . 4 8 8 5 3 11 4 9 4 6 1 2 1 5 7 9 10 1 2
. 9 . . . 11 11 11 11 . 1 . 1 2 12 . . 11 11 1 12 11 . 12 11 9 1 9 11 12 12 11
. 4 . . . 3 2 2 2 . . . 12 10 1 . . 2 3 12 1 2 . 2 2 4 12 3 1 1 . 1
. 2 . . . 5 12 9 9 . . . . 4 7 7 6 1 10 3 10 3 5 1 2 . 4 5 9 10 . 1
. 7 . . . . . 7 7 . . . . 6 . . . 7 1 7 7 6 1 7 7 . 6 . 7 6 . 7
. 9 . . . 7 1 4 4 . 12 . 12 10 7 6 7 10 . 10 2 10 6 10 9 . 10 7 3 4 1 10
. 8 . . . 11 11 11 11 . . . 1 3 . 1 12 10 9 1 12 12 12 10 10 10 2 9 11 . . 10
. 6 . . . 12 . 7 7 . 12 . 12 7 . 12 1 6 12 6 6 6 12 6 6 12 6 . 7 7 1 7
. 7 . . . 5 11 2 2 . 1 . 1 11 7 8 5 8 10 10 3 10 5 7 8 . 12 5 2 3 . 7
. 1 . . . 1 . . . . 1 . . 12 . . . 1 1 12 . 1 . 1 . 1 . . . . 12 .
. 9 . . . 7 . 3 3 . . . . 11 6 6 7 9 . 10 3 9 7 10 9 12 10 5 3 3 . 10
. 5 . . . 7 . 10 10 . 1 . . 2 5 5 7 4 2 3 10 3 7 5 5 12 2 7 10 9 12 4
. 12 . . . 5 . 9 10 . 11 . . 6 7 8 6 1 10 5 9 2 6 . . 11 4 5 10 10 2 2
. 2 . . . 6 . 9 9 . . . 1 4 6 7 6 3 . 4 9 3 7 3 2 12 4 5 9 10 . 3
. . . . . 5 12 8 8 . . . 1 5 7 8 5 2 10 4 9 3 6 1 1 12 5 4 8 10 . 1
. 2 . . . 9 1 4 3 12 2 1 1 7 6 6 7 12 4 8 5 11 8 . . 3 8 9 4 3 11 11
. 12 . . . 5 12 9 9 . 12 . . 6 8 9 5 1 9 5 9 3 6 12 . 12 6 4 9 10 1 1
. 6 . . . . 12 6 5 . 1 . . 7 . 12 1 7 . 6 6 7 . 7 6 12 7 11 5 6 12 6
. 7 . . . . . 6 6 12 1 . 1 6 12 . . 6 1 7 7 6 1 7 7 12 6 . 7 6 12 6
. 9 . . . 2 1 7 7 . 1 . . 5 12 12 1 8 3 6 7 7 1 9 8 1 5 1 7 7 12 8
. 2 . . . 1 1 1 1 . . . . 12 . . . 1 1 12 1 . . 1 1 2 12 2 1 1 . 1
. 5 . . . 8 1 11 11 . . . 12 2 7 6 7 4 1 3 10 4 7 4 4 1 3 7 10 10 . 4
. 4 . . . 7 . 10 10 . . . . 3 6 6 7 4 1 3 10 3 7 4 4 . 2 7 10 9 . 4
. 2 . . . 1 . . . . 1 . . 12 . . . . 1 12 1 1 . 1 1 2 . 1 . . 12 .
. 11 . . . 11 . . . . 12 . . 1 . . . 12 11 1 12 12 12 11 12 12 . . . . 1 12
Matrix X1:
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . 310611 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . 6 1 312 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 5 . 6 5 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 5912 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . 1 2 10 6 2 9 12 . 3 . . 12 9 9 1 5 2 5 1 1 8 1 10 2 12 2 1 1 5 12 3 10 1 9 1 9 6 7 6 2
. . . . . . 2 1112 6 2 8 7 12 . 12 3 10 7 3 10 5 3 9 11 9 6 10 2 4 . 4 4 10 9 12 7 3 1212 3 7 6 7 9 .
. . . . . . 7 5 6 9 5 7 11 8 6 7 8 . 1 12 1 1 5 9 . 4 11 3 6 . 11 5 8 9 2 3 10 5 1 11 8 4 1 . 11 8
. . . . . . 1 . 8 12 3 1 10 7 6 7 12 8 4 1211 2 9 11 5 4 5 . 2 . 12 . 8 5 2 6 9 10 4 9 1 4 5 9 . 8
. . . . . . 2 7 6 5 5 2 1 1 7 3 12 6 9 7 3 5 10 4 9 . 1 8 12 1 5 9 9 2 . 5 1 11 2 5 5 8 1 4 2 1
. . . . . . 2 11 4 1 12 5 9 2 1 10 1 1 1 8 . 7 . 11 4 9 . 6 10 7 121212 5 3 5 6 9 2 8 11 7 5 9 9 2
. . . . . . 3 8 2 1112 6 5 1 6 6 10 1 2 2 8 11 4 1 111011 3 3 8 5 6 8 11 2 10 9 6 6 6 2 7 1 3 1 12
. . . . . . 10 8 8 1111 5 3 1 9 1010 9 6 7 9 8 6 10 1 2 . 4 4 9 6 4 9 8 5 5 6 1 9 8 . 4 5 9 4 5
. . . . . . 101110 9 . 9 5 1 3 9 2 5 7 6 5 . 9 7 1112 5 1 7 . 9 6 4 4 . 12 2 1 . 3 3 3 6 10 9 10
. . . . . . 111212 7 2 11 7 6 6 4 5 8 7 7 . 3 5 9 5 5 . 7 8 1011 6 7 6 10 2 6 111010 5 1 6 8 . .
. . . . . . 6 11 4 2 6 10 6 3 4 9 8 8 7 2 8 . 2 1 1211 4 . 12 6 2 4 . 3 12 2 1 1010 1 . 8 1011 2 3
. . . . . . 4 8 5 7 8 . 6 6 12 . 6 6 9 10 2 2 5 5 10 5 3 1112 8 1 9 6 4 10 2 6 7 6 2 3 9 3 6 . 3
. . . . . . 1 2 12 6 6 1110 6 6 11 8 4 8 12 6 9 8 3 6 4 12 . 1110 8 1 8 . 4 1110 2 . 7 6 8 1 9 7 10
. . . . . . 6 . 9 11 5 1 5 11 2 8 10 7 12 1 10 1 5 8 12 3 12 4 7 4 7 10 8 2 1 9 4 . . 2 7 6 1 6 7 10
. . . . . . 5 7 5 1 3 2 4 1 5 2 8 2 4 5 12 4 3 10 7 4 8 1 1 8 1 11 . 8 9 10 7 11 8 2 6 1012 5 1111
. . . . . . 11 1 . 2 2 4 6 8 5 3 5 2 1211 6 1 8 1011 2 3 2 12 6 5 9 7 3 9 6 12 7 1 8 . 1011 9 2 7
. . . . . . 11 3 3 1010 6 5 11 4 8 7 9 6 8 6 . 6 1 1 11 3 6 12 7 12 6 2 6 4 8 12 3 6 4 9 11 6 4 10 7
. . . . . . 9 6 101210 5 1 5 8 9 . 6 4 1212 3 6 9 3 4 12 7 3 4 6 1010 5 5 3 10 9 8 . 4 4 8 3 6 7
. . . . . . 8 10 1 5 9 9 10 1 2 5 11 8 2 1 7 2 5 4 . 5 1 4 5 4 121211 5 4 1 8 9 9 7 . 7 9 1 2 9
. . . . . . 1 11 4 1 4 2 10 . 8 4 6 4 6 7 6 4 3 1 12 . 9 7 7 9 2 5 8 3 . 5 11 3 . 101011 8 1 . 1
. . . . . . 2 12 . 9 8 . 111012 9 11 5 1 7 2 8 2 6 5 5 7 9 . 2 1012 4 1 5 5 4 1 5 7 . 11 6 1 11 8
. . . . . . 4 . 7 3 101212 1 11 8 3 12 2 10 1 4 . 6 5 8 9 1 6 7 9 3 6 1 7 1 9 8 1110 9 2 11 8 10 2
. . . . . . 9 8 . 8 2 2 10 2 . 2 2 3 5 . 2 2 1 1 2 7 9 3 2 9 1212 2 1 5 12 9 9 12 7 2 9 1 . 10 5
. . . . . . 7 12 6 . 7 7 4 6 4 4 6 6 10 8 3 4 9 9 7 1 2 4 4 3 5 11 5 9 7 8 7 1 5 10 4 10 6 1 9 8
. . . . . . 12 1 11 6 4 1 8 1211 2 8 1010 4 9 4 9 2 3 12 7 6 4 9 1112 7 1111 6 3 11 6 4 1210 6 8 4 9
. . . . . . 11 9 . 11 5 12 5 7 7 . 12 3 5 1 7 8 11 8 7 8 3 1 8 1110 8 10 . 11 6 8 6 11 3 4 10 3 10 4 5
. . . . . . 11 3 1 . 10 1 6 9 1112 3 121010 3 . 3 1 5 5 10 6 9 3 8 5 10 4 6 11 6 9 9 2 10 6 8 3 9 2
. . . . . . 1 5 . 1 6 9 11 8 8 2 4 5 3 2 3 10 3 9 11 6 2 10 4 2 7 9 111210 5 . 2 10 7 8 11 9 10 9 2
. . . . . . 7 6 2 . 12 6 5 6 12 2 9 7 12 3 1011 3 12 1 2 5 4 6 1 7 9 4 1 9 5 4 12 1 3 2 8 1112 7 12
. . . . . . 10 2 7 1 7 8 7 10 7 9 6 5 9 12 5 8 10 5 12 3 3 11 1 11 9 3 2 4 8 7 12 6 11 7 4 3 2 7 9 11
. . . . . . 8 . 6 10 5 10 1 2 1 . 1112 3 12 9 2 6 8 7 11 8 2 8 3 . 9 8 1 4 . 4 6 10 9 1 12 7 9 10 1
. . . . . . 11 7 12 4 7 7 2 9 9 5 10 5 6 6 9 . 7 8 6 3 8 111110 3 6 10 1 11 4 9 10101211 7 5 2 8 3
. . . . . . 9 11 . 5 3 3 10 9 12 2 9 7 8 12 4 9 6 11 2 12 5 12 7 8 3 4 3 10111212 8 1 1 9 2 11 9 7 .
. . . . . . 10 7 9 8 4 6 3 8 8 . 6 6 . . 5 1 6 4 11 4 3 9 1 3 3 3 8 4 . 12 1 5 9 3 12 8 5 5 4 10
. . . . . . 4 12 3 7 8 7 . 12 4 2 1112 4 8 4 10 8 4 10 7 5 5 4 1211 2 1 8 5 5 3 9 6 2 1212 9 11 4 6
. . . . . . 1211 9 6 12 9 10 . 1 1112 4 7 . 6 11 9 11 2 6 3 7 3 3 8 7 . 3 . 10 3 . 4 9 9 4 10 . 11 3
. . . . . . . 12 7 3 10 6 8 . 8 8 8 4 11 7 8 4 4 12 4 1 12 1 121211 8 6 11 8 10 8 2 4 3 4 5 3 4 9 5
. . . . . . 1211 9 6 12 9 10 . 1 1112 4 6 5 10 6 5 10 3 7 . 5 7 12101112 8 1 5 12 3 . 8 . 9 . 9 1 8
. . . . . . 11 2 5 . 4 11 2 5 1 . 2 11 4 8 4 1211 5 1 11 8 3 6 10 3 2 3 12 1 9 3 6 5 2 4 9 2 1210 7
. . . . . . 12 1 9 . 2 12 1 9 7 . 1 12 4 7 7 5 8 3 11 5 2 3 2 3 8 11 2 10 9 101112 1 1 7 1111 9 10 8
SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co2 AND Fi22 91
Matrix X2:
6 7 . 6 7 . . . 12 . . 6 . . . . 8 . . 12 . 7 12 7 . 1 8 12 7 7 7 8
7 7 . 8 7 . 1 . 12 . . 7 . . . . 5 . 3 2 . 8 . 6 . 11 6 2 7 6 7 6
2 2 . 8 2 . 7 8 . 6 . 11 12 7 . 12 12 . 10 12 6 9 4 2 . 9 5 4 3 6 12 11
7 6 . 5 5 . . . 3 . . 7 . 12 . . 5 . 12 . . 6 1 6 . 1 5 . 6 6 7 5
7 7 . 7 7 . . . . . . 6 . . . . 6 . 1 1 . 6 2 7 . 12 6 . 6 5 5 6
4 5 . 5 6 1 . . 12 . . 6 . 1 . . 10 . 10 11 . 5 10 7 . 3 8 11 7 9 8 8
8 8 . 7 7 . . . 1 . . 6 . 12 . . 5 . 1 . . 7 2 7 . 12 6 . 6 5 5 6
2 4 1 11 5 . 7 5 12 8 . 8 1 6 . 1 9 . 2 . 7 11 6 5 . 4 4 8 3 4 10 11
3 1 . 2 . . 1 1 1 12 . 2 . . . . 9 . 4 4 12 2 4 11 . 10 11 3 . 9 11 10
11 12 . 11 . . 11 . . 1 . 11 . . . . 4 . 10 9 1 11 10 2 . 3 2 9 . 3 2 3
4 5 . 12 5 . 6 6 12 7 1 9 1 6 . . 8 . 3 1 7 11 8 4 . 4 3 8 3 1 8 9
6 6 . 6 6 . . . . . . 7 . . . . 7 . . . . 6 . 7 . . 7 12 6 7 7 7
10 10 . 4 10 . 7 7 12 6 . 4 . 7 . . 4 . . . 6 4 6 9 . 7 10 7 11 10 3 4
3 2 . 3 1 . 1 . . . . 1 . . . . 8 . 6 4 . 3 4 12 . 8 11 4 . 9 11 11
7 7 12 8 7 . 1 1 11 12 . 8 . 1 . 12 7 . . 1 12 7 . 5 12 . 7 . 7 6 5 6
10 11 . 5 11 . 7 5 . 8 . 2 1 5 . 1 . . 4 2 7 5 8 11 . 3 9 9 9 8 2 2
. . . 12 . . 12 . 1 . . 12 . 12 . . 1 . . 12 . . . 1 . 1 . 12 . . . .
11 10 . 3 9 . 7 7 1 6 . 4 12 6 . . 2 1 1 1 6 4 8 9 . 6 9 7 10 9 3 3
4 3 12 9 2 . 6 8 1 6 . 11 12 7 . 12 11 . 10 12 6 8 6 2 . 9 3 5 3 4 9 9
4 4 1 12 5 . 8 6 11 6 . 11 1 7 . 1 7 . 5 4 6 . 8 2 . 3 3 10 4 1 10 9
4 3 1 9 3 . 7 6 1 6 . 10 . 6 . 1 8 . 1 1 6 11 8 3 . 6 3 7 3 3 10 9
4 4 1 11 4 . 7 5 . 7 . 9 1 6 . 1 7 . 4 2 7 12 9 4 . 3 2 9 3 1 9 9
8 8 . . 9 . 4 6 2 7 . 1 . 6 . . 7 . 8 8 8 . 4 12 . 11 10 3 10 . 5 5
4 5 1 12 5 . 8 5 12 7 . 10 1 6 . 1 6 . 6 3 7 . 9 4 . 1 3 10 3 1 10 10
8 7 . 6 6 . . . 1 12 . 7 . . 12 . 6 . . . . 6 2 6 . . 5 . 7 5 5 6
7 6 . 6 6 . . . 1 . . 7 . . . . 6 . 12 . . 6 . 6 . 1 6 . 6 7 7 6
7 5 . 4 5 . 12 1 2 12 . 7 12 . . . 8 . 10 11 . 5 12 6 . 3 7 11 7 8 8 7
12 12 . 12 . . 12 . . . . 12 . . . . 2 . 11 11 . 12 11 1 . 2 1 12 . 2 1 1
3 3 . 9 3 . 6 7 . 6 . 10 . 7 . . 11 . 12 12 7 9 6 3 . 7 4 5 4 4 11 11
3 3 . 9 3 . 6 7 . 6 . 10 . 7 . . 11 . 12 12 7 9 6 3 . 8 3 6 4 4 10 10
12 . . 12 . . 12 12 1 1 . 11 . 12 . . 1 . 12 11 1 12 12 2 . 1 . 12 . 1 1 1
. . . 2 1 . 1 . 11 . . 1 1 1 . . 12 . 1 2 12 1 . 12 . 12 . 2 . 12 12 12
Matrix Y1:
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 96 7 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . 712 7 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 1111 3 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 291012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . 1 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . 1212 1 7 10 2 3 2 2 10 6 4 9 11 3 10 7 3 8 1211 5 5 9 8 2 9 5 3 5 8 1 6 8 . 12 4 4 5 12
. . . . . . 11 7 3 8 4 6 . 7 . . 12 5 9 9 4 . 1 2 8 3 3 9 8 12 . 3 4 4 8 7 4 10 4 8 4 5 2 7 11 4
. . . . . . 6 4 3 1211 6 5 3 4 5 6 4 . 12 3 7 2 8 3 11 9 3 . 6 4 2 7 7 . 10 4 8 7 2 8 2 7 2 11 2
. . . . . . 12 3 7 11 . 8 9 1011 7 2 11 1 11 8 10 . 1112 3 6 10 3 . 5 8 8 10 7 . 10 2 11 3 10 4 3 4 2 10
. . . . . . 11 6 4 9 6 10 5 7 6 3 4 . 6 3 4 5 3 4 3 6 3 10 8 6 8 1 2 2 8 3 1 1 4 . 1 . 12 1 5 4
. . . . . . 11 4 8 2 4 4 11 5 6 1212 7 1 8 5 1 6 1 11 3 8 . 2 9 4 9 2 11 5 2 . 5 . 10 . 11 . 2 1 4
. . . . . . 10 4 4 2 4 9 7 3 3 8 6 1 9 7 11 9 . 9 8 9 6 121011 6 . 4 10 5 6 12 6 4 1211 6 10 1 7 10
. . . . . . 3 11 5 4 5 3 4 7 8 3 4 7 11 3 3 11 8 6 11 1 . 11 7 7 7 . 10 3 8 3 6 2 12 9 . 1010 1 6 12
. . . . . . 3 8 2 5 1 3 3 2 2 7 . 101210 6 . 1 5 8 10 4 9 2 1 4 3 12 1 9 2 12 9 1212 6 1 . 7 12 1
. . . . . . 2 12 2 5 7 1 6 7 . 2 5 12 6 4 4 2 6 6 6 2 2 5 . 2 12 4 4 1 2 7 . 4 8 2 3 9 4 9 8 11
. . . . . . 7 3 . 6 9 . 7 11 1 12 8 12 3 8 7 7 5 6 8 7 12 7 1 1111 9 1 1 8 11 8 5 11 8 3 9 1 6 11 9
. . . . . . 9 3 8 4 4 4 9 7 3 111112 5 1 1 12 3 11 7 6 5 3 1 8 12 9 2 4 6 . 4 8 9 5 5 11 5 7 7 2
. . . . . . 12 . . 8 8 1 11 5 6 . 3 6 4 5 7 12 . 6 3 7 2 4 3 . 6 3 10 6 1112 4 11 . 3 6 8 4 . 2 12
. . . . . . 7 6 9 2 8 1 2 2 4 7 6 6 4 . 9 10 1 . 4 9 10 . 2 8 6 5 11 6 1211 8 10121111 3 5 12 5 .
. . . . . . 8 1 10 8 . 1 4 4 7 2 3 7 7 6 6 2 . 1 101010 1 1 1 3 6 . 8 11 8 4 . 3 8 7 7 9 4 12 3
. . . . . . 2 2 10 5 4 1 5 1 5 . 3 11 3 2 5 5 1 8 7 3 8 6 2 . . 6 3 1 5 9 8 7 1012 9 12 . 2 12 5
. . . . . . 2 11 . 3 9 . 7 1011 5 10 9 2 1211 3 4 4 11 . 2 4 1 7 . 2 3 4 9 3 9 . 10 2 10 2 7 2 3 3
. . . . . . 4 6 2 9 3 5 2 2 10 7 8 1 8 1012 3 9 10 6 11 . 7 2 1 3 3 5 1 2 10 1 8 4 . 1 5 1 10 5 4
. . . . . . 5 12 9 10 3 3 . 7 3 3 5 . 9 12 9 2 1111 3 6 7 1212 4 9 5 10 2 . 8 . 1112 3 10 . 4 10 7 8
. . . . . . 12 2 1 12 1 3 4 5 9 4 1110 2 2 9 7 12 6 8 2 1210 3 7 1 12 3 12 7 11 4 1 3 6 1 11 6 5 9 8
. . . . . . 11 2 11 9 121012 3 5 9 7 5 1211 4 7 . 1 12 . 2 9 3 9 2 5 11 6 2 7 5 101010 9 9 4 5 1 .
. . . . . . 9 7 3 3 4 7 3 2 11 1 1 7 9 10 1 . 6 9 1212 . 4 8 1110 1 2 8 6 7 5 2 6 10 9 6 10 1 12 6
. . . . . . 4 8 7 8 7 11 6 7 . 5 . 3 3 10 5 3 12121012 9 3 8 8 11 5 1 6 . 8 9 11 2 12 5 2 4 7 5 .
. . . . . . 6 3 4 4 1 3 1 7 4 3 4 11 7 10 7 12 . 12 1 10 3 10 1 . 12 2 . 12 2 9 4 . 4 6 9 11 4 3 7 7
. . . . . . 1 11 6 5 8 1 2 5 4 1 4 5 1112 5 9 11 8 1212 9 5 3 5 1011 8 2 1111 6 7 . 11 8 9 11 9 . 2
. . . . . . 2 1010 5 6 1110 8 7 5 10 2 12 4 7 4 10 3 10 8 7 3 6 11 3 7 8 . 10 4 11 9 1 5 5 . 9 . 6 1
. . . . . . 2 1010 5 1 7 9 2 9 4 4 6 2 4 6 1 8 . . 8 8 1 5 . 8 11 6 . 9 1 . 1210 2 7 1011 4 1 10
. . . . . . 12 . 11 5 6 9 2 6 12 4 9 . . 3 111212 9 3 1 5 2 8 2 9 10 7 2 1010 6 1 6 4 6 3 1 4 . 6
. . . . . . 6 9 11 9 7 12 . 7 . 8 1 1012 2 9 8 6 10 4 . 7 5 7 . . 1111 1 10 3 4 3 9 1 4 11 6 10 8 11
. . . . . . 3 3 12 1 11 . 5 3 9 11 7 5 1 1 1 4 9 6 12 8 7 10 4 4 10 1 5 6 12 . 5 8 1012 6 12 . 1210 3
. . . . . . 5 12 7 5 8 5 7 4 8 10 . . 8 1 11 9 12 . 5 3 5 9 3 2 1 10 3 . 4 5 12 4 1 4 4 6 . 2 11 2
. . . . . . 2 11 8 . 4 8 7 2 2 6 12 2 2 3 9 . 3 6 1 3 11 . 4 2 9 11 5 1 . 1 8 5 5 3 1 1110 1 12 2
. . . . . . 4 9 3 . 12 1 7 9 5 . 5 6 9 . 5 6 1212 6 8 11 1 10121210 5 6 3 2 4 5 3 . . 1 5 12 6 12
. . . . . . 3 7 12 6 6 5 2 10 4 2 8 9 10 2 9 1 . 10 4 1211 6 . 12 6 7 12 2 2 . 5 4 10 . 12111111 7 10
. . . . . . 9 4 10 . 4 5 5 12 3 7 10 8 11 8 1 10 2 4 4 11 5 9 2 3 1011 3 7 5 1111 2 10 1 9 . 8 8 5 10
. . . . . . 1 12 4 . 3 11 6 10 2 . 4 8 . 8 12 8 . 10 4 3 2 1011 8 . 5 111110 5 10 9 7 10 3 4 9 8 10 7
. . . . . . . . . . 2 7 1111 . 12 9 . 6 4 1111 2 12 8 . 9 12 6 12 7 5 1 4 7 4 3 3 2 7 9 2 1 6 1 .
. . . . . . 1 12 4 . 12 3 3 8 . 8 10 . 111112 1 7 3 1 11 9 9 8 4 . 4 5 . 3 7 . 2 5 10 1 8 6 2 7 3
. . . . . . 2 11 8 . 6 8 11 3 . 7 1 8 12 4 9 5 9 . 4 2 9 10 3 12 6 . 8 10 6 3 6 2 11 8 6 5 6 . 4 4
. . . . . . 1 12 4 . 11 1 12 4 6 . 12 1 9 6 6 8 5 10 2 8 11101110 5 2 11 3 4 3 2 1 1212 6 2 2 4 3 5
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Matrix Y2:
6 7 5 . 12 8 12 6 6 7 . 6 5 6 7 12 8 . 7 5 8 . 12 2 7 . . 6 6 7 12 7
8 7 6 1 . 6 . 7 7 7 . 8 6 6 8 . 5 . 5 5 7 . 12 . 6 . 1 7 6 8 . 7
8 11 8 8 11 12 1 8 7 3 8 4 9 9 1 5 12 . 11 11 9 6 12 1 6 . 10 11 10 9 3 2
7 6 8 12 . 5 . 6 7 6 . 7 8 7 6 2 5 . 7 9 6 . 3 11 7 . 12 6 7 5 1 6
7 6 7 . 1 5 . 7 7 7 12 6 7 7 7 . 6 . 6 6 6 . . . 5 . 1 6 6 7 1 7
5 8 5 1 12 9 . 6 4 6 1 6 5 6 5 11 10 . 8 7 7 . 12 1 9 . 11 7 7 5 10 6
7 5 7 11 . 5 12 6 8 7 12 6 7 7 7 1 5 . 6 6 7 . 1 . 5 . 1 5 6 7 2 7
10 10 9 6 . 11 . 10 11 3 6 3 8 9 5 7 9 . 9 8 11 7 12 1 3 . 2 11 11 10 7 4
2 11 2 . 2 9 1 2 2 1 11 2 3 2 1 2 9 . 11 1 11 12 1 10 10 . 2 12 12 2 4 1
11 1 11 12 10 4 . 11 12 12 1 11 10 11 12 11 4 . 3 . 2 1 . 3 2 . 10 . 1 11 10 12
12 9 10 6 1 8 12 11 11 3 6 4 10 10 5 7 8 . 9 8 10 7 . . 1 . 3 9 9 11 8 4
6 7 6 . 12 7 1 6 6 6 . 7 6 6 6 . 7 . 7 7 6 . . . 7 . 12 7 7 6 12 6
3 3 3 7 . 4 . 4 3 10 6 10 3 4 10 6 4 . 3 3 3 6 12 . 10 . . 3 3 4 7 10
3 11 1 . 2 9 . 2 3 1 11 2 2 1 3 2 8 . 10 12 12 . . 11 9 . 4 . 12 3 4 1
7 6 7 1 1 6 . 8 6 7 . 7 7 8 6 12 7 . 6 6 5 12 12 . 6 . 1 6 5 8 . 7
5 3 4 5 1 2 . 4 6 10 5 10 3 3 12 8 . . 2 2 4 7 1 . 8 . 3 3 3 4 9 11
12 . . 12 12 1 . 12 . . . 12 . . . . 1 . 1 . 1 . 1 1 . . 12 12 . 12 . .
4 3 3 7 . 2 . 3 3 10 6 11 4 4 10 7 2 . 2 3 3 6 . 12 9 . . 3 3 4 7 10
9 9 11 6 . 10 . 9 9 3 7 3 11 11 1 6 11 . 11 11 9 6 1 . 4 . 11 9 9 9 7 3
12 10 9 9 1 8 . 12 10 4 6 6 10 10 6 7 7 . 7 8 9 6 11 12 2 . 3 11 9 12 7 4
10 10 9 7 . 9 . 10 10 4 6 4 10 10 4 7 8 . 9 10 10 6 . 12 3 . . 10 10 10 7 3
11 9 10 6 1 8 . 11 12 4 5 4 10 10 6 8 7 . 8 9 10 7 . 12 1 . 3 10 10 11 9 4
1 4 3 5 11 6 . 1 2 8 8 7 2 2 8 6 7 . 6 5 5 7 2 1 12 . 9 3 5 . 4 8
12 10 9 7 1 8 . 11 12 4 5 5 9 9 7 8 6 . 7 7 10 7 12 . 1 . 4 11 10 12 8 5
6 5 8 12 1 5 . 7 7 7 12 6 8 8 7 1 6 . 6 7 6 . 1 12 5 . 1 5 6 7 2 7
7 6 7 . . 6 . 6 6 6 . 7 7 7 6 1 6 . 7 8 6 . 1 12 7 . 12 7 7 6 . 6
5 7 6 . 12 8 . 5 5 6 1 6 7 6 5 . 8 . 8 8 7 . 1 . 8 . 10 6 7 5 11 5
12 1 12 . 12 2 . 12 12 12 1 12 12 12 12 12 2 . 1 . 1 . . 1 1 . 11 . 1 12 11 12
9 10 9 7 12 11 . 9 9 3 7 3 9 9 3 6 11 . 11 10 10 7 . 1 4 12 12 10 10 9 5 3
9 10 10 7 . 10 . 10 9 3 7 3 10 10 3 6 11 . 10 10 10 6 . . 4 . 12 10 10 9 6 3
. 1 . 12 12 1 12 12 . 12 1 12 12 12 . . 1 . 1 12 2 1 1 1 1 . 12 . 1 12 12 .
1 . 1 1 2 12 . 2 . . . 1 1 1 . . 12 12 12 . 12 12 12 12 . . 2 . 12 1 1 .
Matrix E1:
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . 4 11 4 5 8 7 . 3 5 8 7 4 . 8 5 5 4 4 9 2 12 7 4 9 7 12 4 1 9 9 7 6 10 1 6
. . . 11 1 11 . . . . . . . . . . . . 5 . . 12 11 8 2 11 9 7 8 5 3 . 7 5 12 . 6 6
. . . 2 12 2 12 4 9 7 5 2 5 5 . 2 3 7 11 9 4 6 10 3 8 . 5 3 . 4 6 . 2 10 10 4 6 8
. . . 5 4 5 4 9 3 . 5 4 9 3 11 . 9 4 4 11 11 2 12 7 3 11 2 3 11 8 6 8 7 6 12 12 6 2
. . . 7 3 7 10 6 1 7 9 . 7 10 1 2 5 5 5 10 5 11 3 10 1 . 2 5 5 9 11 9 2 3 10 11 6 10
. 12 11 12 4 1 3 . 12 7 10 10 10 5 4 7 4 8 . 3 12 9 1 4 9 9 8 1 10 9 8 4 4 12 9 1 1 11
. 8 1 9 2 4 6 12 11 3 7 9 2 9 4 4 1 8 7 4 8 7 8 10 10 7 3 7 6 3 4 12 6 2 9 10 10 3
. 7 4 11 5 2 4 5 3 8 11 1 8 10 . 1 4 1 12 9 . 4 7 8 12 12 10 12 1 7 3 11 5 9 4 2 6 9
. . 4 10 3 3 9 2 10 4 4 . 5 4 12 2 4 5 12 9 5 . 8 2 4 2 7 . 11 . . 4 3 9 4 10 1 11
. 6 12 5 5 8 5 8 7 . 9 6 1 9 3 4 7 3 3 12 4 6 1 10 2 7 1 12 1 2 7 . 2 3 10 9 6 1
. 1 9 12 8 1 8 1 6 8 12 10 3 2 5 . 11 11 2 10 . 8 9 7 5 11 3 3 10 6 7 9 11 2 2 2 2 9
. 8 3 10 12 3 4 1 3 3 2 . 4 7 1 9 7 4 6 7 3 11 . 8 1 5 6 10 6 5 2 5 4 4 8 1 2 2
. 7 7 4 12 9 12 2 9 11 2 11 . 6 3 8 4 8 12 4 9 3 4 9 11 5 10 12 11 12 6 11 3 6 8 9 7 9
. 10 7 6 9 7 5 9 7 11 7 2 5 3 4 3 3 1 8 . . 9 2 11 8 2 9 3 1 2 11 2 11 12 12 10 12 3
. 7 2 2 9 11 6 4 11 6 5 10 12 7 10 4 10 2 9 10 5 5 3 5 9 11 9 5 5 12 3 6 . 11 . 9 9 12
. 4 6 5 12 8 . . . . 11 11 3 6 2 2 6 10 1 5 6 9 2 2 10 2 1 11 6 1 12 12 3 4 12 . 4 2
. 11 8 2 10 11 10 11 1 10 . 4 6 2 . 2 3 . 12 8 . 1 5 4 12 . 12 3 . 1 6 2 6 . 8 5 7 10
. 12 11 3 3 10 . . . . 2 2 8 7 2 11 4 5 4 7 8 10 8 6 5 9 3 9 5 4 6 3 5 11 9 10 4 11
. 7 9 8 8 5 3 2 12 3 1 10 . 8 10 10 2 9 9 4 11 4 . 1 10 1 3 6 11 9 10 11 8 1 12 11 . .
. 1 3 9 8 4 7 9 2 7 8 3 8 6 2 9 7 10 6 3 9 . . 1 1 9 5 2 6 . 6 2 3 7 4 4 4 .
. . 12 8 7 5 3 2 12 3 8 4 4 . . 3 6 7 4 11 7 2 12 9 . 5 1 11 4 11 . 3 . 9 . 5 1 4
. 2 3 7 12 6 12 8 9 12 12 9 12 8 10 6 7 1 5 3 7 9 9 10 7 6 8 11 5 4 7 8 9 3 8 7 9 6
. 1 . 10 7 3 11 3 5 11 8 2 12 12 4 2 8 1 8 2 2 2 . . . 2 10 7 1 3 2 . 11 3 5 11 8 4
. 3 6 5 1 8 7 9 2 7 2 10 . 11 3 2 6 . 5 7 9 11 7 1 5 9 10 5 4 1 10 8 7 12 1 11 . .
. 8 11 3 11 10 2 10 8 2 2 8 2 10 6 1 12 11 8 7 12 8 2 10 9 6 4 1 12 11 3 9 5 2 4 12 10 11
. 6 5 1 12 12 9 6 10 9 11 12 . . 11 9 . 3 6 12 11 4 5 10 6 . 1 11 . . 1 . 9 11 . 6 10 9
. 7 6 11 1 2 8 1 6 8 4 2 . . 4 8 . 7 4 2 4 11 4 . 3 6 11 2 11 1 9 4 3 12 9 8 4 7
. 1 1 12 9 1 . . . . . . . . . . . . 2 . . . 8 12 4 2 8 4 7 8 12 2 3 12 2 9 9 4
. 6 8 3 4 10 . . . . . . . . . . . . 3 . . 1 8 1 1 10 10 9 . 4 6 11 5 6 11 10 1 3
. 2 . 2 3 11 . . . . . . . . . . . . . . . 1 9 9 8 7 11 3 2 12 1 2 2 5 1 2 11 8
. 2 . 2 3 11 . . . . . . . . . . . . 6 . . 11 6 5 9 5 2 6 9 10 8 1 6 12 1 4 10 4
. 2 4 7 7 6 . . . . . . . . . . . . 4 . . 8 10 5 7 8 . 6 12 3 6 1 11 2 . 5 9 7
. 2 . 2 3 11 . . . . . . . . . . . . 5 . . 12 11 8 2 11 9 7 2 1 3 1 9 . 12 9 3 5
. 4 11 8 4 5 . . . . . . . . . . . . . . . 9 3 3 7 11 8 1 12 6 9 9 1 12 12 12 10 4
. . 12 2 12 11 . . . . . . . . . . . . 11 . . 12 9 5 1 4 7 6 7 7 . 3 4 10 7 7 4 2
. 9 9 4 3 9 . . . . . . . . . . . . 4 . . 10 2 10 10 9 9 12 11 3 8 9 10 4 5 7 5 4
. 4 3 11 9 2 . . . . . . . . . . . . 3 . . 2 4 10 9 4 8 12 12 1 7 4 3 10 9 1 6 9
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Matrix E2:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 8 3 2 5 3 9 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 4 8 6 1 10 7 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 9 6 12 6 1 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 12 4 6 12 4 1 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 5 8 12 7 4 . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 10 5 8 . 5 5 3 3 . . 8 5 4 11 9 3 8 . 4 4 4 5 8 11 1 . 3 11 . 10 1 2 6 . 2 11 8 2 5
. 6 10 9 9 10 5 9 8 5 8 9 5 11 . 6 8 9 8 2 7 11 7 9 4 9 . . 9 . 7 . 4 12 3 7 6 1 6 .
3 3 4 7 . 6 3 . 4 8 . 3 4 2 8 6 4 3 5 10 7 2 5 7 . 5 . 10 7 . 12 5 6 11 7 6 7 6 9 11
3 5 8 11 . 2 1 12 4 8 10 7 1 12 3 6 4 7 5 4 7 12 11 2 4 . 10 10 12 10 9 3 1 7 5 9 4 6 12 9
2 9 7 10 2 6 3 . 9 11 1 11 . 5 11 6 9 11 2 4 7 5 10 1 11 . 10 12 9 10 5 7 4 3 . 10 3 8 10 1
5 12 8 12 5 12 . 4 10 10 2 12 9 6 5 8 10 12 3 10 5 6 9 11 6 12 11 7 10 11 4 7 3 10 11 2 11 3 11 9
11 2 6 11 . 4 6 3 . 10 4 9 . 11 6 5 . 9 3 11 8 11 9 7 1 11 . 8 1 . 7 1 12 2 10 12 1 3 3 7
1 . 11 . 5 1 1 1 2 . 3 . 5 4 10 6 2 . . . 7 4 12 3 4 11 8 9 2 8 6 11 11 2 6 12 1 5 2 4
9 1 9 7 10 7 5 4 4 8 2 11 2 3 6 . 4 11 5 1 . 3 9 . 4 10 7 3 5 7 5 4 8 5 1 6 7 6 6 6
11 12 12 9 10 2 9 8 9 1 10 . 6 2 4 5 9 . 12 11 8 2 11 11 8 2 1 4 5 1 . 4 8 5 1 10 3 5 12 6
9 4 7 6 6 3 6 1 8 . 12 8 10 5 2 4 8 8 . 3 9 5 . 4 2 9 11 5 2 11 1 6 11 6 2 . . 2 2 2
8 4 6 7 2 10 9 10 . 8 . 2 2 1 . 2 . 2 5 . 11 1 . 4 8 . 6 . 10 6 11 1 3 8 8 2 11 12 1 3
8 2 2 9 6 . 8 1 2 2 . . 3 8 8 2 2 . 11 3 11 8 8 1 10 4 11 6 4 11 9 7 9 9 7 4 9 6 1 9
6 4 2 6 4 5 1 11 6 2 3 10 9 8 8 . 6 10 11 9 . 8 . 7 3 11 11 2 4 11 8 11 9 6 9 2 11 8 1 11
. 5 10 12 3 9 2 6 10 10 9 4 11 2 2 5 10 4 3 11 8 2 4 6 6 6 11 9 3 11 11 4 10 4 6 10 3 7 2 12
6 10 9 2 12 9 2 4 2 12 11 2 7 8 8 6 2 2 1 7 7 8 12 10 12 4 9 2 5 9 7 11 8 3 1 3 10 12 8 7
2 7 8 . 2 9 4 12 4 . 10 3 9 . . 10 4 3 . 9 3 . 10 11 8 2 10 11 10 10 3 2 3 4 . 11 2 2 9 .
10 3 10 . 6 11 6 4 9 2 3 10 11 12 12 3 9 10 11 11 10 12 11 6 1 4 . 8 10 . 8 5 3 6 5 9 4 . 11 4
4 12 5 8 4 12 8 8 3 8 10 3 6 . . 9 3 3 5 6 4 . 4 4 3 1 2 1 7 2 11 12 6 . 6 11 2 4 6 8
3 6 1 10 7 8 4 4 . 6 . . 12 6 6 . . . 7 12 . 6 10 10 3 1 5 5 5 5 1 8 8 1 9 1 12 9 6 5
6 2 4 4 9 . 12 10 . 9 . . 5 4 4 . . . 4 5 . 4 2 10 3 10 2 10 10 2 4 3 3 10 8 5 8 1 1 6
7 . 9 7 8 7 12 10 . 11 . . 5 9 9 . . . 2 5 . 9 7 9 4 12 2 4 . 2 8 9 . 3 5 1 12 12 9 6
7 5 5 7 . . 1 8 . 11 . . 3 11 11 . . . 2 3 . 11 1 7 6 6 6 12 6 6 7 1 7 3 9 3 10 . 5 12
11 3 7 3 7 6 8 1 . 10 . . 8 10 10 . . . 3 8 . 10 5 4 9 7 6 5 6 6 2 8 7 3 4 3 10 2 11 3
3 12 5 3 4 7 5 6 . 5 . . 8 5 5 . . . 8 8 . 5 10 12 1 . 1 3 1 1 . 10 12 7 7 7 6 12 3 3
11 . 11 11 7 11 . 10 . 1 . . 10 1 1 . . . 12 10 . 1 1 6 7 9 7 12 7 7 5 1 6 9 7 9 4 1 9 1
1 2 3 6 10 11 10 . . 8 . . 7 8 8 . . . 5 7 . 8 12 8 5 5 2 11 2 2 8 2 11 11 12 11 2 . 12 10
8 5 9 10 9 7 4 . . 7 . . 4 7 7 . . . 6 4 . 7 2 12 1 10 4 1 4 4 12 12 9 5 1 5 8 . 10 6
2 1 11 12 10 1 12 10 . 6 . . 11 6 6 . . . 7 11 . 6 3 4 9 11 6 7 6 6 4 6 7 3 9 3 10 . 5 12
4 4 9 . 8 12 . . . 2 . . 11 2 2 . . . 11 11 . 2 6 12 1 10 9 2 9 9 12 11 4 5 8 5 8 . 9 .
12 9 5 4 1 5 9 12 . 10 . . 7 10 10 . . . 3 7 . 10 11 11 2 1 6 6 6 6 11 7 7 9 8 9 4 . 10 4
9 . 8 1 3 9 11 8 . 4 . . 2 4 4 . . . 9 2 . 4 1 7 6 3 4 10 4 4 7 3 9 2 5 2 11 . 11 7
Matrix E3:
. 4 2 . 8 . . . . . . . . . . . . . . . . 5 6 6 1 9 3 2 3 . 5 3 7 8 6 1 10 4
. . 11 4 11 9 . . . . . . . . . . . . 2 . . 6 10 1 . 5 9 9 7 12 5 1 . 12 12 8 8 3
. . 8 10 8 3 . . . . . . . . . . . . 12 . . 4 6 4 4 1 1 10 9 . 11 6 3 5 3 1 1 5
. . 5 3 5 10 . . . . . . . . . . . . 3 . . 4 9 2 12 5 4 5 6 9 9 10 2 . 11 6 9 7
. . 3 7 3 6 . . . . . . . . . . . . 10 . . 4 11 5 . 12 6 6 4 2 12 4 10 1 12 5 10 4
. . 5 3 5 10 . . . . . . . . . . . . 2 . . 6 10 1 . 5 9 9 6 3 5 6 2 8 5 1 2 6
. . . . . . . . . . . . . . . . . . 1 . . 3 5 7 . 9 11 11 3 8 9 3 1 4 9 7 1 3
. . . . . . . . . . . . . . . . . . 5 . . 12 11 8 2 11 9 7 8 5 3 . 7 5 12 . 6 6
. . . . . . . . . 10 9 11 3 12 1 6 7 4 4 7 . 9 10 9 11 11 9 2 5 2 10 . 5 6 2 5 3 5
. . . . . . . 5 8 11 3 12 9 . 6 1 . 5 8 8 5 7 10 5 1 5 11 10 11 6 5 8 . . 4 4 4 10
. . . . . . . 2 11 2 5 3 10 9 7 5 12 . 11 11 5 1 . . 7 7 . 3 2 4 12 4 . 3 2 . 11 1
. . . . . . . 4 9 11 3 11 8 8 6 6 . 8 9 12 10 6 4 7 7 1 3 1 8 2 1 3 . 10 . 12 . 10
. . . . . . . 4 9 2 2 9 9 9 11 . 10 7 7 10 9 11 4 8 2 11 7 2 . 11 . 10 12 5 5 7 4 8
. . . . . . . . . 4 5 4 10 1 5 2 6 12 8 4 4 5 2 . 9 4 4 4 12 12 8 6 7 . 1 8 12 .
. . . . . . . . . 1 1 9 1 4 9 1 11 3 3 2 8 1 6 3 11 9 6 1 8 10 8 10 2 1 10 5 10 .
. . . . . . . 2 11 3 4 5 11 12 12 4 1 3 2 12 1 1 3 . 8 8 9 6 9 8 9 7 1 8 9 4 10 7
. . . . . . . 9 4 2 8 1 11 12 1 2 4 5 11 6 1 9 11 11 8 1 1 7 8 5 6 4 4 5 4 8 5 4
. . . . . . . 8 5 8 9 3 3 10 4 8 11 . 2 12 9 5 6 8 9 4 1 7 1 6 7 10 9 12 3 10 10 12
. . . . . . . 2 11 9 7 10 9 11 6 11 3 8 5 . 11 . 3 3 3 11 2 2 . 9 9 2 6 4 . 1 3 5
. . . . . . . 4 9 9 11 9 5 . 7 8 3 2 8 6 7 7 6 8 4 8 4 6 10 3 12 9 12 7 6 5 10 5
. . . . . . . 7 6 2 2 5 1 1 1 10 . 11 10 3 11 3 3 4 . 8 4 9 8 7 6 . 10 6 9 3 9 4
. . . . . . . 5 8 7 3 . 5 2 11 1 1 6 2 3 8 11 5 10 2 12 7 10 9 7 5 3 . 10 11 11 3 3
. . . . . . . 9 4 4 7 8 12 8 10 8 8 11 12 12 10 . 4 8 2 2 10 2 11 8 7 . 1 9 5 11 7 1
. . . . . . . 2 11 10 11 10 . 4 1 7 9 11 6 2 7 11 12 8 12 6 3 9 11 . 10 4 9 . 5 1 10 10
. . . . . . . 4 9 8 5 8 8 12 8 . 10 12 6 . . 7 5 . 3 12 9 2 7 6 7 3 9 8 8 . 7 3
. . . . . . . 11 2 5 4 3 10 6 10 4 . 8 9 10 12 2 7 7 7 5 8 7 . 4 10 6 8 2 11 6 3 10
. . . . . . . 2 11 6 6 3 3 6 3 5 4 12 10 2 2 3 9 7 . 4 . 10 11 5 3 12 9 2 9 4 8 11
. . . . . . . 7 6 6 1 5 10 10 . . 12 10 5 4 9 2 11 10 3 5 7 2 9 12 7 6 2 10 7 1 . 2
. . . . . . . 11 2 2 2 3 8 8 8 8 3 12 8 2 1 10 10 2 7 2 7 7 11 8 1 12 3 4 3 5 7 1
. . . . . . . 11 2 10 1 2 5 8 9 6 . 10 12 4 10 11 5 3 10 10 1 7 9 11 6 . 5 . 8 6 4 7
. . . . . . . 6 7 7 . 3 9 . 10 11 6 3 1 12 9 9 2 10 2 4 9 4 11 11 3 12 12 12 11 1 3 5
. . . . . . . 11 2 3 10 1 7 3 8 4 9 2 10 10 12 3 2 4 5 4 10 4 10 5 12 4 3 4 3 12 4 12
. . . . . . . . . 3 7 5 8 1 12 11 4 9 9 6 12 1 1 10 10 1 1 4 8 3 10 . . 12 5 3 5 12
. . . . . . . . . 12 9 1 11 2 11 3 3 10 3 5 8 1 5 4 4 3 10 3 7 2 4 10 10 1 9 5 2 6
. . . . . . . . . 4 10 9 3 4 2 4 . 12 6 1 12 7 2 2 8 5 3 12 5 3 12 11 10 9 11 5 6 1
. . . . . . . . . 5 1 8 5 2 4 1 10 2 3 9 4 6 10 11 4 2 6 9 10 1 7 . 4 4 4 6 5 11
. . . . . . . 2 11 8 9 10 3 7 3 9 . 5 4 3 1 11 6 6 6 8 5 6 1 9 4 8 7 1 6 12 10 7
. . . . . . . 2 11 12 8 2 4 1 9 3 12 4 9 9 10 2 10 7 10 5 12 4 12 3 7 1 3 3 6 1 7 .
. . . . . . . 4 9 8 10 . 4 9 11 7 5 12 8 1 6 . 7 11 3 2 3 9 7 4 8 12 3 5 5 . 8 1
. . . . . . . 9 4 9 5 8 11 5 1 9 6 . 1 11 . . 10 12 3 6 6 12 6 8 1 11 9 9 12 2 . .
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Matrix E4:
. 4 5 3 8 12 11 12 . 2 . . 1 2 2 . . . 11 1 . 2 7 10 3 8 11 1 11 11 10 12 2 5 9 5 8 . 12 1
8 10 12 12 5 4 2 2 . 2 . . 1 2 2 . . . 11 1 . 2 5 8 5 6 5 8 5 5 8 5 8 . 7 . . . 12 7
2 7 7 6 6 9 9 . . 9 . . 10 9 9 . . . 4 10 . 9 9 4 9 8 9 4 9 9 4 9 4 . 5 . . . 1 5
12 5 3 5 4 11 3 11 . 12 . . 11 12 12 . . . 1 11 . 12 . . . 1 . . . . . . . . 12 . . . 12 12
10 8 1 5 8 3 4 11 . 1 . . 2 1 1 . . . 12 2 . 1 . . . 12 . . . . . . . . 1 . . . 1 1
2 12 7 . 4 12 5 8 . 5 . . 2 5 5 . . . 8 2 . 5 9 4 9 12 9 4 9 9 4 9 4 . 1 . . . 10 1
1 6 10 . 2 6 9 4 . 2 . . 4 2 2 . . . 11 4 . 2 . . . 11 . . . . . . . . 2 . . . 2 2
. 4 . 3 1 5 2 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 9 . 10 12 8 8 2 . 5 3 . 6 12 12 6 . . 5 . 6 8 . 3 10 11 11 5 8 11 3 5 8 5 1 8 8 7 11 6
3 . 10 10 3 4 11 12 6 12 10 . . 12 12 . 7 . 12 6 . 1 12 10 9 11 6 5 2 11 3 5 2 4 8 2 2 6 5 .
10 9 . . 6 7 3 3 11 . 9 8 8 2 10 8 2 5 . 11 8 6 12 3 11 1 4 1 5 5 . 1 5 10 9 2 2 2 4 1
. 11 5 . 3 11 8 8 7 11 10 7 7 10 11 7 6 6 11 7 7 2 7 10 3 5 11 5 8 5 4 11 8 11 9 8 8 6 5 7
3 . 10 . 3 4 10 9 3 8 7 3 10 8 2 10 10 10 8 3 10 5 3 . 6 8 8 8 5 8 6 8 5 2 5 5 5 10 9 10
9 10 3 1 9 2 3 10 . 1 9 6 6 2 1 6 . 7 1 . 6 12 7 9 11 2 7 8 11 2 3 8 11 9 4 11 11 1 8 6
4 12 . 8 1 11 3 8 10 2 7 10 10 1 2 10 3 3 2 10 10 11 10 7 6 8 8 8 5 8 . 8 5 2 12 5 5 3 8 10
10 4 3 1 10 11 4 6 11 5 10 8 8 11 1 8 2 5 5 11 8 2 11 10 10 4 8 4 3 . . 11 3 8 5 . . 1 7 8
5 11 1 . 7 4 10 8 . 7 7 7 7 . 7 7 . 6 7 . 7 6 12 7 5 6 8 . 7 . . . 7 5 1 . . 12 7 7
8 12 9 6 6 12 12 2 7 6 6 6 6 6 . 6 6 7 6 7 6 7 1 6 1 7 11 . 6 . . 6 6 2 12 6 6 8 12 6
5 9 3 1 10 2 2 7 8 5 7 5 5 4 8 5 5 8 5 8 5 8 1 7 12 4 8 4 3 7 3 4 3 1 12 . . 11 7 5
1 11 5 9 7 . 1 12 3 11 . 3 10 12 5 10 10 10 11 3 10 2 10 . 7 5 5 5 8 5 . 5 8 12 8 8 8 10 5 3
. 7 5 8 4 4 6 4 8 6 3 5 11 . 9 11 5 8 6 8 11 7 8 3 10 12 9 12 1 9 . 6 1 2 10 4 4 5 2 11
5 1 3 7 7 9 6 6 6 11 1 7 7 10 11 7 7 6 11 6 7 2 5 1 11 9 12 10 4 9 . 10 4 8 4 4 4 5 10 7
4 3 9 9 4 . 8 7 6 5 3 . . 6 5 . 7 . 5 6 . 1 6 3 3 5 12 5 8 12 3 5 8 4 8 8 8 . 5 6
. 10 1 1 11 7 1 11 8 3 4 5 5 2 . 5 5 8 3 8 5 4 1 4 9 9 . 9 11 11 . 9 11 6 7 2 2 4 6 12
12 2 5 10 1 8 1 4 7 3 . . . 2 10 . 6 . 3 7 . 10 7 . . 3 2 10 3 3 . 9 3 4 10 3 3 7 3 .
1 7 . 5 6 7 7 6 8 9 10 5 5 9 6 5 5 8 9 8 5 4 8 10 3 2 6 9 4 12 . 9 4 5 8 7 7 11 6 5
1 3 11 . 4 10 7 . 2 10 6 5 5 10 7 5 11 8 10 2 5 9 2 6 . 11 7 4 8 2 10 4 8 7 . 5 5 12 7 5
10 10 . 8 12 9 6 2 4 8 10 8 8 9 11 8 9 5 8 4 8 5 10 4 9 . . 8 7 3 . 8 7 9 2 3 3 . 11 8
8 9 5 4 1 3 3 1 8 1 7 5 5 1 4 5 5 8 1 8 5 6 8 7 . . 11 1 . 3 10 1 . 10 9 9 9 4 11 5
. 5 . . 9 4 3 2 5 5 4 2 2 4 1 2 8 11 5 5 2 9 4 4 9 10 2 4 10 6 . 4 10 7 12 . . 7 1 2
8 2 8 . 12 1 5 12 6 8 6 8 8 7 5 8 7 5 8 6 8 5 . 6 1 3 3 9 10 6 10 8 10 8 7 7 7 3 5 8
4 3 5 3 8 11 3 7 4 2 4 8 8 2 5 8 9 5 2 4 8 5 10 4 9 . . 1 7 9 . 2 7 10 2 10 10 . 11 2
3 3 6 7 9 7 5 1 7 2 10 7 7 1 8 7 6 6 2 7 7 5 . 3 3 1 8 8 5 8 10 8 5 8 12 11 11 . 8 .
. 12 5 12 7 5 1 7 10 11 . 10 10 11 11 10 3 3 11 10 10 2 10 . . 5 5 5 8 5 7 5 8 11 2 8 8 3 5 10
5 6 2 12 9 5 . 12 7 1 3 . . 1 1 . 6 . 1 7 . 12 1 3 4 8 7 8 11 2 10 8 11 2 12 4 4 7 8 .
12 7 4 5 2 5 12 1 10 3 3 3 3 3 3 3 3 10 3 10 3 10 4 3 4 10 2 3 3 10 3 3 3 11 3 3 3 4 3 3
10 9 10 1 12 10 9 1 5 4 3 8 8 4 7 8 8 5 4 5 8 9 5 3 10 4 7 4 9 1 . 4 9 1 12 12 12 2 7 8
7 5 9 4 5 4 6 2 5 4 3 8 8 4 7 8 8 5 4 5 8 9 5 3 10 4 7 4 9 1 . 4 9 1 12 12 12 2 7 8
1 6 1 3 7 1 9 11 7 3 . . . 2 10 . 6 . 3 7 . 10 7 . . 10 2 10 3 3 . 9 3 11 3 10 10 7 3 .
10 11 6 12 12 8 7 3 6 10 . . . 11 3 . 7 . 10 6 . 3 6 . . 10 11 3 10 10 . 4 10 9 3 10 10 6 10 .
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